
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



^du^^-tTT -V^r. 5V .3^5^ 





3 2044 097 020 366 



«•- V. 



TEXT-BOOK 



CHEMISTRY. 



FOK THK UIK OW 



SCHOOLS AND COLLEGES. 



JOHN WILLIAM DRAPER, M,D., 

Pmfenor of Chemiitxy in tlw Unmrrity of Now Toric, Ifombor of tho 
Phfloooplucal Sodotj, 4to. 



Witb netrly Three Hundred 

TENTH EDITION. 

NEW YORK: 

HARPER * BROTHERS, PUBLISHERS, 

329 A, 331 PEARL STRIEET, 

FRANKLIN SQUARE. 

1 8 5S. 






Xhc-m ^(>0?rriyr^^- 



A 






m.'l 



/. ■"/. 



:-■./ ; ■ /. 



\ ■:.// - 



Entered, according to Act of Congress, in the year 1846, 

Bj Harpir 4& Brothers, 

b the Clerk's Office of the Sonthem District of New Torii 



BY THE SAME AUTHOR. 

3, ®e3rt-book on Natural Iphilosophij, 

FOB THE USE OF SCHOOLS AND C0LIE6E8. 

WITH NBAKLT 400 ILLUSTRATIOlTa. 1%U0, SHCBP. PRICE 75 nvtiTf 



PREFACR 



This text-book on Chemistry, intended for the me 
of colleges and schools, contains the outline of the 
course of Lectures which I give every year in this 
University. 

I do not, therefore, present to teachers an untried 
work. Its divisions and arrangement are the result 
of an experience of several years ; an experience 
which has proved to me that there is required a text- 
book of small size, so that students can pass through 
it readily in the time usually devoted to Chemistry, 

Every instructor in this science must have observ- 
ed that the ordinary " Treatises" or *• Elements" are 
by no means suited to his wants. When they are 
em^rfoyed in the class-room, there are large portions 
which have to be omitted, and other portions too 
briefly explained. In fact, to study Chemistry suc- 
cessfully, the first thing which is wanted is a com- 
pendious book, which sets forth in plain language 
the great features of the science, without perplexing 
the beginner with too much detail. 
A2 



VI P&EFACE. 

It will be understood, therefore, that this work, 
with little pretensions to originality, except where 
directly specified, occupies a di£ferent field from that 
of the larger treatises. It is intended as a manual, 
arranged in such divisions as practice has shown to 
be suitable for daily instruction. It is the exposition 
of what I have found to be a satisfactory method of 
^ teaching; and of Its success our annual examinations 
are the best testimonial. 

The imsuitableness of large text-books has led to 
many attempts to reduce their size by abstracts and 
compendiums ; but the difficulty can never be avoid- 
ed by that means ; the very structure of such works 
is faulty. We never want to use all that an author 
knows or can possibly say on the subject. It has 
been well remarked, that " The greatest service 
which can be rendered to our science, is for some 
person who has had the management of large classes 
for several years to sit down and write a book, set- 
ting forth what he said and what he did every day in 
his Lectures. That is the thing we want." 

While, therefore, this book is offered to instructors 
as a practical work, the object of which is to display 
the leading features of the science, I have endeavored 
to make it a representation of the present state of 
Chemistry. In this respect many of our most popu- 
lar works are defective. Among them I should not 
know where to turn for a simple exposition of the 
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Wave theory of Light or of Ohm's theory of Voltaic 
Currents ; yet the one is the most striking result of 
physical research, and the other is connected with 
the fundamental facts of Electro-chemistry. 

To the treatises of Hare, Kane, Graham, Gregory, 
Fownes, Dumas, and Millon I must formally state 
my obligations. In Descriptive Chemistry I have fol- 
lowed them closely ; and in those cases which are 
much more common than is generally supposed, 
where there are differences in the imputed proper- 
ties of bodies, I have consulted, wherever I could, 
either original memoirs or the annual reports of Ber* 
zelius. 

The number of wood-cuts, representing experi- 
mental arrangements, which have been introduced, 
will give to a beginner a clearer idea of the practical 
part of each Lecture, and, in our country colleges, 
may sometimes supply the place of defective or in- 
complete apparatus. To each Lecture is appended a 
set of questions. They enable a young student more 
quickly to apprehend the doctrines which are before 
him. 

John William Deapbe. 
UniTeisitv of New York, % 
Joly 6, 1846. ) 
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INTRODUCTION. 

CO^&rmJTlO^ AHD OEKE&AL PSOPKETIEB OF UATnOL 



LECTURE I 

Constitution of Matter. — Distinction between Gkem- 
tstry and Natural Philosophy, — General Division of 
Chemistry. -^^ Active Forces and Ponderable Bodies.-^ 
Proof of the Atomic Constitution of Matter in the Cases 
of a Solid and a Gas.-^^Atoms are inconceivably small, — 
They are jwt in contact,^— They are unchangeable and 
indestructible. 

Tbe physical sciences are divided into two classes, com- 
prehended respectively under the titles of Natural Phi- 
losophy and Chbhistry. 

Natural Philosophy investigates the relations of masses 
to one another. The movements of tides in the sea un- 
der the conjoint influence of the sun and moon ; the de- 
scent of falling bodies to the earth ; the pressure of the 
atmosphere ; the variou^f modes of rendering mechanical 
forces available, by the action of levers, pulleys, wedges, 
screws $ the phenomena of the planetary bodies, which 
move in elliptic orbits around a central mass : these are 
all objects for the consideration of Natural Philosophy. 

Chemistry considers the relations of particles to each 
other ; it investigates the properties and qualities of differ- 
ent kinds of matter, their inutual influence, and the ac- 
tion of the imponderable principles upon them. It treats 
of the causes of those invisible movements which the 
molecules of bodies around us unceasingly undergo. It 
also includes many of the phenomena of living beings, 
explains the objects of respiration, digestion, and other 
such animal functions. 

Every change taking place in bodies is due to the op- 
eration of some active force. It is one of the first princi- 

Into what classes are the physical sciences divided ? Of what pheooiiv 
cna dMR natural philosophy treat ? . What are the objects o|'chexxH«fcry1 
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CONSTITUTION OF MATTES* 



pies in pWlosopby, that no movement or mutation can oc- 
cur in any thing spontaneoiisly ; we must always refer k 
to a disturbing cause. Under the influence of heat, bodies 
increase in size ; under lliat of electricity, some are dis- 
severed into their component elements; under that of 
light, vegetables form from inorganic materials their or- 
ganized structures. The •science of chemistry resolves 
nself, therefore, into two divisions : the first, embracing the 
consideration of the active forces of chemistry ; the sec- 
ond, the objects on which those forces operate. f » 

These ^ctive forces are Heat, Light, and Electricity. 
By the older chemists, they are designated as imponder- 
able substances, from the circumstance that they do not 
affect the most sensitive balances. 

We can form no idea of the properties of bodies dis- 
0iigaged from the influence of these principles. Thus 
we find all material substances existing under one of 
three conditions, solid, or liquid, or gaseous ; and the 
majority can assume either of these conditions under the 
influence of heat. Water, for instance, at low tempera- 
tures, exists in the solid state as ice; at higher tempera- 
tures, it assumes the liquid condition; and, at still higher, 
exhibits the gaseous form. We see, therefore, that it is 
the degree of heat to which it is exposed which deter- 
mines its physical state. ,., . , .. ^ , 

One of 5ie first problems which the chemist has to solve, 
is that of determining the true constitution of matter ; not 
of matter in the abstract, but as placed under the influence 
of these external powers. r i. • ^_ 

^. J '^ AH the phenomena of chemistry 

^ prove that material substances con- 

sist of indivisible and exceedingly mi- 
nute portions, called Atoms, which 
are placed at certain distances from 
one another, those distances being 
variable and determined by the agen- 
cy of active forces. 

tr— ■, Thus, if we take a copper ball, a. 

I^.h an inch in dia meter, and pro videa ring, b, of such a 

UHtAfc arp ti *^**f **»«try ? Why are nieHc . j^ ^^^^ determmei 

meat of the instrmnent W- 1- Wid its use- 
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size that the ball at common temperatures can readily pass 
through it, and hayiog suspended the ball by means of a 
chain to a stand, d^ expose it to the flame of a spirit lamp, 
c, as it becomes warm it will be found to dilate, so that, 
in the course of a few minutes, it can no longer pass read- 
ily through the ring, but if placed thereon, remains sup 
ported. 

While under these circumstances no visible change hat 
taken, place in the general properties of the baU; iti« 
V" ight remains the same as before, its aspect is the same. 
We conclude, therefore, that its volume has in<creased be- 
cause we have raised its temperature. - 

But now, the lamp being removed, the ball still resting 
on its rin^, begins to cooL In the course of a few min 
utes it spontaneously drops dirough the ring. It has, 
therefore, become less than it was while hot, and, in poini 
of fact, when its original temperature is reached, it has re- 
covered its original size." 

From this simple, but beautiM experiment, very im 
portant conclusions may be drawn. The copper ball, in 
cooling, becomes less : a fact which at once suggests the 
idea tl^at its constituent particles have approached each 
other. In its warm and dilated state, although it -exhibit- 
ed no appearance of transparency, or of interstitial spaces, 
or pores through which light might pass, its particles were 
not touching one another, for had they been in actual con- 
tact they could not have more closely approached one an" 
other, and contraction could not have taken place. 

As all bodies contract during the act of cooling, we in- 
fer that the particles of which they are composed ar9 
separated from each other by intervening 
spaces, and experiments such as that we 
have been considering suggest two im- 
portant observations : lst» That all mate- 
rial substances are made up of small par- 
ticles which do not touch each other; and, 
2d. That the intervening spaces maybe va- 
ried at the pleasure of the experimenter. 

Let us consider a second illustration 
which will lead us to the same conclusion ; selecting, as 

Why, in this experiment, does the hall finally drop (ihronf^h tlie ringi 
Could contraction take place if its particles were already in contBCt^ 
What tw© cokclasiwis do these facts suggest ? 




4 OONSTITUtlON OF MATl^E. 

the ol^ect of our experiment, atmospheric air, a subs^mee 
dilfering in all its physical and chemical relations from 
the copper- ball Let us take a tube of glass half an inch 
in diameter, and bent in the form exhibited in Fig. 2, a, 
c, d. The tnbe is closed at its upper end, a ; it is bent 
at c, and over its open extremity, at d^, a bag of India rub- 
ber is tied, air tight. In the tube diere has been previ- 
ously inclosed a sufficient quantity of water to fill all the 
portion 6, c, <2, but the space from a to 1^ is occupied by 
atmospheric air. It is to the volume of this atmospberic 
air that our attention is directed. 

If we compress the India rubber bag in our hand, the 
volume of the air instantly becomes less, the diminution 
being greater in proportion as the pressure is greater. 
Now, it is inconceivable that this phenomenon should en- 
sue, unless the aerial particles approached each other; 
but such an approach would be impossible if they were 
already in contact. Two particles could not occupy the 
same space at the same time. 

We conclude, therefore, that for atmospheric air, a 
gaseous body, as well as for copper, a solid, the same 
law holds good, and that both these forms of matter are 
constructed upon the same type ; that they are made up 
of particles set at distances from one another, and that we 
can change those distances at pleasure, by resorting to 
changes ot temperature, or to mechanical forces. 

It is worthy of observation, that by proper 
*^ ' means these interstitial spaces may be greatly 
increased or diminished, arid in very many in- 
stances without any striking apparent cbange 
occurring in the sul;)stance under experiment. 
Thus, if we take a globe of^lass two or three 
inches in diameter, a. Fig. 3, with a neck or 
tube, A, proceeding ftom it, and fill the globe 
full of water, with the exception of a small bubble df air 
^hich occupies its upper part, while the open extremity 
of the tube, A, dips beneath some water contained in a 
glass jar, c, then, covering tbe whole with an air-pump 
receiver, d, proceed to exhaust, we shall find thatthe little 

Describe the instrament represented in Fig. 2, What is the iwe of 
this instrument ? With an increase of pressure, what happens to the in- 
cluded air ? Can two particles occupy the same space at the same time T 
What, then, is the deduction from this experiment? What is the experw 
iment givon in F?>. % intended to illustraCe ? 
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babble, a^ dilates as die machine is worked, and may be 
rendered a hundred-fold greater than at first. In this ex- 
panded condition, its particles must ha^e greatly reced- 
ed fixMn each other, and yet no remarkable physical change 
is to be observed. There are no dark or vacaous spaces; 
but, in this attenuated condition, it possesses the aspect 
which it had when at the common density. 

With diese preliminary facts, we may now direct our 
attention, 1st, to the properties of atoms ; and, 2d, to the 
interstitial spaces which part them from each other. 

That the atoms of which bodies are composed are ex- 
ceedingly small, we possess abundant prooL By dissoly- 
hn^ substances in liquid media, and then greatly diluting 
the solution, we can effect a subdiTision to an mcredible 
extent A single drop of a solution of sulphate of indigo 
will communicate a blue color to one thousand cubic in4»i- 
es of water, so that every drop of that diluted solution 
contains a portion of the coloring matter. In Uie same 
manner, by resorting to proper tests, we can riiow that a 
grain of copper, or silver, or gold, may be divided into 
many millions of smaller parts, each of which may be 
readily recognized. Nor is it alone by these chemical 
processes that such a minute subdivision may be effected : 
by the mechanical process of beating with a hammer, 
gold may be extended into leaves which are less than the 
777777 P^^ ^^ ^^ vax^ thick, a dimension far less than 
the human eye, unassisted bv microscopes, can discover, 
for the smallest spherical object visible to it is about 
•^-i^-^ part of an inch in diameter. By other processes, it 
has been estimated that this metal may be divided to such 
an extent, that a single grain will yield 80 millions of 
millions of visible parts. The world pf organization fur- 
nishes us with still more striking proofb. There exist 
animalcules of which it would reqmre many millions to 
make up the bulk of a common grain of sand, yet these 
are furnished with digestive and respiratory organs, with 
circulating juices, and with contrivances as elaborate as 
the mechanism of the highest orders of life. How minute, 
then, most the constituent particles be i 

To what extent can the oonstitaent atoms be removed 7 To what ex- 
tent can sulphate of indim be divided t Can similar veanlts be obtained 
from metalline bodies 7 What evidence have we on ^iiijxant from me- 
chanical processes 7 Wliat argument may be drawn fiom the eonatmo 
turn of ammalcitles t 

A 2 



6 PEOFBftTISB OF ATOMS. 

All the results of cbemistiy prove that the ultimate 
atoms of bodies are unchangeable and imperishable. We 
can not effect their destruction, or impress them with new 
or unusual qualities^ any more than we can call them into 
existence. Those familiar instances in winch it appears 
that material substances are destroyed or dissipated, when 
properly understood, are only cases 'Of transformation, or 
of the origin of new compounds. An atom once created, 
can by no process be destroyed. When, therefore, coal 
disappears in the act of burning, it is not, in reality, a de- 
struction of the particles of which the coal consists, but these 
particles uniting with one of the constituents of the air, 
give origin to a body of a diffsrent form, an invisible and 
elastic substance, firom which, however, the carbonaceous 
particles could be reobtained by resorting to proper 
methods. It is, moreover, obvious that the continuance 
and stability of the universe itself depend on the fact that 
by no natural process can material atoms be either cre- 
ated or destroyed. 



LECTURE n. 

Constitution of Matter. — Of the InterHices between 
Atom*, — They are not casual^ hut regulated. — Two 
Forces are required to produce this Result,-^ Cohesion 
and Heat, — Proof that these Forces CLct through very 
limited Spaces,- — Analogy between the Structure of Mat- 
ter and iks Structure of the Universe, 

Having, in the preceding lecture, established the atomic 
constitution of matter, let us now direct our attention to 
the intervening interstices. 

The distances that part the atoms of a given mass from 
one another are not casual or determined at random; 
their magnitude is perfectly regulated. Thus> if we take ' 
a glass bulb, a, Fig. 4, with an open neck, b, and having 
filled the neck with water to a given mark, c, immerse 
^3 open extremity in a glass of water, d, it will be found 

Are the atcuns of bodies either changeable or perishable ? How can 
the apparent destrQction of bodies be explained ? Are the spaces be- 
tween atoms regulated or at random ? What is the experiment, Fif(» 4. 
designed to establish 1 




REGULARITY OF INTERSTITIAL SPACES. 

that SO long as no extraneous cause in- 
tervenes the water remains perfectly sta- 
tionary at its original point, c ; but if, by 
the, application of a spirit lamp, <?, we raise 
the temperature c^ the air included in 
the bulb, it promptly dilates ; a dilatation 
which, however, does n9t proceed with 
irregularity, for the volume of the air 
steadily increases as the heat is steadily 
continued. Le^the lamp now be remov- 
ed, and as the temperature descends the 
water comes back again to its original point, because the 
air recovers its original bulk. 

In the same manner, if we repeat the experiment illus- 
trated in Fig, 3, we shall see that the bubble of air does 
not expand with irregularity as the pump is worked. It 
does not at one moment suddenly dilate, and then remain 
motionless, but for each movement of the pump it increas- 
es correspondingly; and as soon as the pressure is re- 
stored to the interior of the macbine, it shrinks back to 
its original size. But these expansions and contractions 
are the result of movements^among the constituent atoms, 
which at one time recede farther apart, and at another 
come closer together. It follows, therefore, from these 
considerations, that the distances which separate the con 
stituent atoms are not determined by chance or at random, 
but their inagnitude is strictly regulated. 

To produce these results two forces are required : 1st, 
a force of attraction, which continually tends to draw the 
atoms closer together; 2d, a force of repulsion, which 
tends to remove them farther apart. The distance at 
which they ax:e placed, at any particular moment, is de- 
termined by the balancing of tJiese forces ; if the attractive 
force is made to increase in intensity, the particles ap- 
proach ; if the repulsive, they recede. 

Names have been given to these forces, the attractive 
force being known under the name of cohesion ; caloric 
or heat appears to be the principle of repulsion. 

All attractive and repulsive forces diminish as the dis- 
tances through which they act increase. The attractive 

Can the same theory be proved by resorting to other disturbingpro- 
oesses 7 How many forces are required to account for these facts ? w hat 
is tiieir nature ? What is the relation between heat and repulsion 7 
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force of the earth, the force of gravitatian, is of a certain 
intensity on the surface of our planet, but it diminishes a» 
tiie distances become greater. The forces which c<H2nect 
together the bodies of the solar system, and, indeed, one 
planetary system with another, act through great intervals 
of space ; thus the attractive force of the sun, operating 
throtigh many millions of miles, retains the earth in her 
orbit. But the attractive and repulsive forces which de- 
termine die position of the constituent atoms of bodies are 
limited to a very minute space. If we lake two leaden 
bullets, and having pared a small portion from the surface 
of each, so as to expose a brilliiBLnt metallic spot, bring 
them within an inch of one another, they exert no percep- 
tible attraction, and may be drawn apart with the utmost 
fi&cility ; we may diminish the distance between them to 
the tendi, the hundredth, the thousandth part of an inch, 
and still the same observation may be made; we may 
even bring them in apparent contact, and the attractive 
influence of the particles of^e one upon those of the other 
is still undiscoverable ; but, on pressing them together, 
we can finally bring them within the range of each other's 
influence, and then they cohere together as though they 
were a single mass, a^id require a considerable efibrt to 
separate them. 

The apparatus figured in the margin serves to illustrate 
j^^ the same result Suspend a cir- 

cular piece of plate glass, «, Fig^ 
5, an inch in diameter, to one of 
the arms of a balance, b,c, counter- 
poising it on the opposite arm by 
\et, weights placed in the scale pan, d. 
^ Beneath the plate of glass place a 
"^ cup, fi, containing some quicKsilver, 
and it can be proved that so long as the glass is at a sen- 
sible distance from the surface of the quicksilver, no at- 
traction between them is exhibited, for were such the 
case, the arm of the balance should incUne, and the glass 
descend. As long as the smallest perceptible space inter^ 
venes, no attractive action is developed ; but on bringing 
the two surfaces in contact, they cohere ; and now it re- 

Thrdngh what spaces can these forces operate ? How can this be proved 
by leaden bullets? Describe the apparatas, Fig. 5. What is ita n^t 
What the fact which is proved by it ? 
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qoires the addition of a considerable weiglit in the scale 
pan to draw them asunder. This result does not depend 
on the pressure of the bit, for it equally takes place in a 
yacuum. 

From experiments of this kind, dierefore, we gather 
that the spaces through which molecular attractions and 
repulsions can act are very limited, and it follows of ne- 
cessity that the interstices which s^>arate the atoms of 
bodies ass exceedingly minute, for through those spaces 
the action of these forces extends. If the limiting distance 
throuj^h which molecular attraction and repulsion can 
reach is, as there is reason Co believe, from some of the 
experiments of Newton, less than the millionth of an inch, 
we are entitled to coni^lude that the interstitial spaces are 
nuich smaller. 

To what, then, do these results finally point in regard 
to the constitution of matter, if^ as we have seen, the con* 
stituent atoms themselves are inconceivably minute, and 
the spaces that separate them as small as we have reason to 
conclude % We may look upon the untverae as represent- 
ing on a grand scale the constitution of matter on a minuts 
one. The planetary bodies which compose the solar sys- 
tem, and which are held in their orlrits by the attraction 
of a central mass, are separated from one anodier by enor- 
mous spaces, to '^bich their own magnitudes bear but an 
insignificant proportion. About thirty such bodies, great 
and small, compose the group or family to which our 
earth belongs. But as there are systems of opaque plan- 
etary bodies, so also there are systems of self-lumraous 
suns, which compose together colonies of stars. In the 
universe myriads of such systems exist, separated from 
one another by spaces so great that the mina can form no 
just idea of them. A planet, such as Jupiter with its at- 
tendant satellites ; a self-luminous star, like our sun virith 
its surrounding bodies ; a group of shining stars, such as 
are scattered over our skies ; a collection of such groups 
as form the nebular masses ; these, in succession, furnish 
us widi a series of illustrations on a scale continually in- 
creasing in dimensions of the constitution of matter, which 
is made u p of isolated atoms placed at variable dis tances 

Does the ezperiment depend on the pressure of the airt What are 
&e limiting distances tiirongh whi<^ molecolar forces can act ? State the 
analogy between the constitntion of the universe and the constitution ol 
matter ? 
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irom each other, the size of thesd atoms bearing an insig- 
nificant proportion to the spaces intervening between thenu 
The human mind is so constituted that it is unable to 
appreciate whatever is exceedingly great or exceedingly- 
small. We can neither attach a precise idea to the mag- 
nitudes and grander relations of the universe, nor to the 
atomic constitution of a gi-ain of dust. Hereafter, when 
we come to speak of the phenomena of light, we shall see 
that by following the same philosophical methods which 
have been cultivated with such success in astronomy, and 
vvhich have furnished us with a general view of the con- 
stitution of the universe, we also can obtain a general view 
of the scale which has been used in the constitution of 
material bodies, a scale which brings before us new ideas 
of time and space. When we are told that in the mill- 
ionth part of a second a wave of violet light pulsates or 
trembles seven hundred and twenty-seven millions of 
times, and that, if we divide a single inch into ten millions 
of equal parts, this violet wave is only one hundred and 
sixty -seven of such parts in length, we obtain a glimpse 
of the scale on which material bodies are composed, and 
must confess the inability of the human imagination to 
form a proper conception of such results, though we may 
feel a just pride in the intellectual power which has ascer- 
tained them. 



PART I. 

THE FOBCES OF CHEMISTR7. 



LECTURE III. 

Heat. — Tretiminary Ideas of ike Nature of Heat, — in- 
Jluence of Heat in the inorganic and organic Worlds,^^ 
-Modes qf Transference. — Illustratums of JSscpansum.~^ 
Heat determines the Magnitude and Form of Bodies — 
Affects our Measures of Time and Space — Determines 
the Distribution (f Animals and Plants. 

Wrfters on chemistry signify by the term Caloric, the 
agent which excites in our bodies the sensation of heat 
By some, howeyer, heat and caloric are used synonymous- 
ly. Those who look upon this force as if it were > ma- 
terial and imponderable substance, ascribe to the particles 
of caloric a self-repulsive power, and an attraction for 
the particles of ponderable bodies. 

So great is the control which caloric exercises over all 
kinds of chemical changes, that few experiments can be 
made in which dransformations of substances take place 
without contemporaneous disturbances of temperature. 
In some, heat is evolved ; in others, cold is produced. To 
this agent, moreover, we so constantly resort for the pro- 
motion of molecular changes, that the chemist lias been 
not inaptly designated the Philosopher by Fire. 

It is not alone in the-inorganic world that the influences 
of caloric are traced. Life can not take place except 
within certain limits of temperature ; limits which are 
comprehended between the fi'eezing and the boiling points 
of water, that is, within one hundred and eighty degrees 
of our thermometer ; and, in point of fact, within a nar- 
rower range' than that. It is, therefore, not alone in 
chemistry, but also in physiology, that the relations of 
this agent are of interest. 

"What is cabric? What is heat? Oa the hypothesis that caloric is 
•n imponderable substance, what are ita properties 1 Why ifi it that the 
itady of caloriais of soch peat importance in chemi^tvy ? Within what 
Hmits of tomperatnre can hving things exist t 
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When an ignited mass, as a red-kot ball, is plM^ in 
the middle of a room, common observation satiates us 
that it rapidly loses its heat; its temperature descending 
until it becomes the same as that of surrounding walls 
and other bodies. This loss is due to several causes. A 
part of the heat is carried away by contact with the body 
which supports the ball, a part by certain motions estab- 
lished in the surrounding air, and a part by radiatioi^ 
This removal passes under the name of trtmsference, and 
as soon as the temperature has declined to that of the ad- 
jacent bodies, an equilibrium is said to have been attained. 
There are two methods by which caloric can be trans- 
ferred: 1st By radiation; 2d. By convection. Of the 
former we have two varieties — ^general radiation, and in- 
terstitial radiation. 

Fig, 6. Under the influence of an increasing tempera- 
ture substances expand. This takes place, what- 
ever their form may be, whether solid, liquid, or 
gaseous. The experiment which is illustrated by 
Fig. 1» establishes this fact in the case of a copper 

Oball ; and that the same law holds good for liquids^ 
may be proved- by taking a glass tube, a, b, Fig. 
6, open at the extremity, a, but having a bulb, c, 
blown upon it at the other end. The bulb and a 
part of the tube, as high as b, is to be filled with 
any liquid substance, such as water, spirits of wine, or 
^g, 7. oil ; and the heat of a lamp, d) applied. As the 

O liquid becomes warm, it dilates, as is shown by its 
rising in the tube; the dilatation increasing vnth 
the temperature. 

If now the liquid be removed from the bulb, and 
the tube be inverted, as shown in Fig. 7, in a glass 
of water, we can prove the same fact for gaseous 
substances, taking, as the type or representative of 
them, atmospheric air; for, on simply grasping 
the bulb, c, in the hand, the air which is in it di- 
lates with the warmth, and bubbles pass in succession 
from the open end of the tube, through the water hi the 
glass, d. 

Through what causes does the temperatare of a body descend ? 'What 
is meant by transference and by eqtuHbriom? In how many ways can 
caloric be transferred ? How many varieties of radiation are ther« ? By 
what means can it be proved that solids, liquids, and g^asett expand u 
their temoeratore rises, an^ rnntrnnt as it descends? 
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We conclude, therefore, tbat solidfl, Hquidfl, and gaoeg 
expand as their temperatuze rises, and contract as their 
temperature falls. 

The magnitude of all objects around us is determined 
by their temperatures. A measure which is a yard long 
in summer is less than a yard in winter; a yessel which 
holds a gallon in winter will hold more than a g^lon in 
summer* And as the degrees of heat vary not alone at 
different seasons of the year, but also during every hour 
of the day, it is clear that the dimensions of all objects 
must be undei^ing ccmtinual changes. The appearance 
of stationary magnitudes which such objects present is 
^erefore altogether a deception. 

Heat thus determines the size of bodies ; it also de- 
termines their form. As we have said, diore are three 
forms of bodies, solid, liquid, and gaseous. A mass of 
ice, if exposed to a temperature of above 32^, melts into 
water ; and if that water be raised to 212^, it passes into 
^le form of Bteamr---a gaseous body. The assumption of 
Uie solid, the liquid, or the gaseous condition, depends 
on the existing temperature. 

In the same manner that it affects our measures of 
space, caloric afiects our measurra of time. Clocks and 
watches measure time by the vibrations of pendulams, or 
the oscillations of balance wheels, the uniformity of the 
action of which depends on the uniformity of th^ size. 
When the temperature rises, the rod of a pendulum 
lengthens, and its vlbraticms are made more slowly ; the 
clock to which it is attached loses tHue. When the 
temperature declines, the pendulum shortens; it beats too 
quick, and the clock gains. Similar observations may be 
made in the case of watches. To obviate these difficulties 
many contrivances have been invented, such as the grid- 
iron pendulum, the compensation balance wheel, Sec. 
Advantage has also been taken of such substances as ex- 
pand but little for a given elevation of temperature ; and 
thus excellent clocks have been made, the pendulum rods 
of which were formed of a slip of marble. 

The natural, as well as the artificial measures of time, 
depend on the in fluence of beat. Our unit of time — ^the 

Is there any variation at different seasons in the lencth of meMUres or 
flie capacity of vessels ? What is it that detennines fJieform of bodies t 
How can caloric affect oilr measures of time 7 By what GoatrirancM his 
this difficulty b««n avoided ? 

B 
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day— -IB th0 period which eliqwes during one complete 
rotation of the earth on her axis. The length of this pe- 
riod is determined by the mean temperature of her maes. 
Should the mean temperature of the whole earth fiiU, her 
magnitude muBt become less, or, what is the same thing, 
her diameter must shorten. It results from very simple 
mechanical principles, that a given mass, the dimensions 
of which are variable, rotating on its axis, will complete 
each rotation in a shorter space of -time as its diameter be- 
comes smaller. Thus, when we tie a weight to the end 
of a thread, and, swinging it round in the air, permit the 
thread to wrap round one of the fingers, as the thread 
shortens by wrapping, the weight accomplishes its revolu- 
tion in a less penod. Now, transferring this illustration 
to the case berore us, if the mean temperature of the earth 
had ever declined, she must have become less in size, and, 
therefore, turned round quicker, and the length of the day 
must have necessarily been less. But astron<Hnical ob- 
servations, for a period of more than 2000 years back, 
prove conclusively that the length of the day has not 
changed by so small a quantity as the ^vv P^^ ^^ ^ second, 
and we therefore are warranted in inferring that the mean 
temperature of the globe has not perceptibly fallen. 

The distribution of heat on the surface of the earth de- 
termines, for the most part, the distribution of ^minfials 
and plants^ to each climate its proper denizens are as- 
signed. It is this which confipes the lion to the torrid re- 
gions, and the white bear to the frigid zone. In the case 
of man, who has the power of accommodating his diet and 
his dress to external requirements, almost any pa^ of the 
earth is habitable. Plants, like the inferior animals, have 
their localides determined chiefly by the influence of heat. 
It is for this reason that even in tropical climates, if we 
ascend from the foot to the top of a very high mountain, 
we successively pass through zones occupied by trees 
and plants which, differing strikingly from one another, 
have analogies with those which occupy respectively the 
torrid, the temperate, and the frigid zones, on the general 
surface of the earth. 

Do tiiese ^staibaiice8~^EQct the natoral as weU as the Bi^^ulmeii^ 
ores of tune T How can it be proved diat the mean temperature of the 
SI^^^"^'^',?*'' ^^^ centuries changed T What is it that chiefly de- 
lenmnes ttie distnbaUon of plants and animals T 
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LECTURE IV. 



Expansion of Gases and Liquids. — Rudberg^s Law.-^-' 
Regularity of Gaseous Expafuion.^^ABcentional Power 
ofeoDpanded Gas, — Amount of Air contained in Oie same 
Volume at different Temperatures. — Ga^ Thermometers, 
— Expansion of Liquids. — The Mercury Thermometer. 

If we compare together the three forms of bodies, as 
respects their changes of Tohime under the influence of 
heat, W8 shall find that for a given rise oi temperature, 
gases expand the most, liquids mtermediately, and solids 
least of cdl. To this rule but few exceptions are known ; 
liquid carbonic acid, however, expands about four times 
as much as any gaseous body. 

Recent experiments have proved that g^ases differ unong 
themselves in expansibility, though the diffisrences are 
not to any great extent. For the permanently elastic 
gases, atmospheric air may be taken as the type ; the ex- 
periments of Rudberg show that it expands ^i? of its 
volume at 32^ for every degree of Fahrenheit's ther- 
mometer. As the same quantity of gas occupies very 
different volumes at different temperatures, it is necessary, 
in this and other such cases, to state some specific tem- 
perature at which the estimate of its volume is made; 
the same gaseous mass occupies a^'much greater space at 
15P than it does at 32^. In the instance befi^re us, we 
consider the original volume to be that which the gas 
would have at 32^, and as has been said, every degree 
above that point will increase the volume by ^^^ of the 
l>ulk it then possessed. 

Gases expand with uniformity as their temperature in-^ 
ureases. Ten degrees of heat produce the same relative^ 
effect, whether applied at tt low or at a high temperature; 
^s regularity probably arises from the want of cohesion 
which the gaseous particles exhibit ; as we shall presently 
^e, it is not observed in the case of liquids and solids. 

Of solidfl, lic^nidsy and gases, which expand most by heat T In what 
respect is liquid carbonic acid peculiar? Is there any difference among 
gase^ in &eir rates of ezpansicm 7 What is Budbeiv's estsmata of the 
amoont of expansion of air 7 Why are we repaired in these coses to 
adopt a apecinc temperature 7 Bo gases expa 
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The chaoge in specific gravity of atmospfaerie air, wfaea 
p. ^ It is warmed, is the cause of the rise of 

Montgolfier balloons. These, whi<^ 
were invented in France in the year 
1782, consist of a bag, or globe, of light 
materials, such as paper or silk, with an 
aperture at the lower part, through 
which, by the aid of combustible ma- 
terial, as straw or shavings, the air in 
the interior may be rarefied. On a 
small scale, they may be made of thin 
tissue paper, pasted together ao as to 
form a sphere of two or three feet in diameter, an aperture 
being cut in the lower portion six inches or more in width, 
and beneath it a piece of sponge, soaked in spirits of wine, 
suspended. This being set on fire, the flame rarefies the 
air m the interior of the baUoon, which, diough it might 
be at first flaccid, soon dilates, and the whole apparatus 
will now rise in the air, precisely on the same principle 
that a cork rises ^m the bottom of a vessel of water. 

From the circumstance that the volume of air changes 
so readily with changes of temperaiture, contracting under 
the influence of cold, and dilating under that of heat, it is 
plain that in diflerent climates on the earth's surface a 
very diflerent amount of atmospheric air is included under 
the same measure. A vessel which will hold precisely 
one ounce weight at the mean temperature of New Yoric, 
will hold more than an ounce in the cold polar regions, 
and less than an ounce in the tropics. In tke former sit- 
uation the air is more dense, because it is in a contracted 
condition by reason of the low temperature, and therefore 
a greater weight is included under a given Volume; in 
the latter, the reverse is the case. These facts are sup- 
posed to be connected with certain physiological results, 
as we shall hereafl;er see. 

The expansions of atmospheric air taking place with 
regularity as the temperature rises, that substance is oc- 
casionally employed as a means of thermometrie admeas- 
urement. The air thermometer, called also Sanctorio's , 
thenpometer, but which was invented by Galileo about 

What are Montgol6er balloons, and why do they rise 1 Why ia it fliat 
flie weight of air in a given measnre is different at different places ? De 
8crih« the thennometet of Sanctorio. By whom was it really invented f 
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1603, coTkBJsta of a tube of glass, 0, Fig. 9, ter- 
minated at its upper extremity by a bull^ b ; the 
other end of the tube being open, dips beneath 
the suiface of some colored water in a cup or res- 
ervoir, f , which serves also as a foot or support to 
the instrument. The bulb and part of die tube 
are full of air, the remainder of the tube is occupi- 
ed by the colored water, which by its movements 
up and down serves to indicate changes in the 
volume of thovincluded air. To the side of the 
tube a scale of divisions is affixed, and the tube is 
not arranged so tightly in the neck of the reservoir but 
that there is a free passage for the air in and out of that 
part of the instrument. On touching the ball with the 
fingers, the air within it becomes warm, dilates, and de- 
presses the liquid in the tube, or, on touching it with any 
cold body, it contracts, and the liquid rises. 

This form of thermometer is liable to a dif- 
ficulty which renders it impossible to rely 
upon its indications, except under particular 
circumstances. It is affected by variations of 
atmospheric pressure, as well as by changes 
of heat. To prove that this is the case, place 
such a thermometer under the receiver of an 
air pump, as shown in Fig. 10 ; on producing 
the slightest degree of rare^tion, the liquid 
in the tube is instantly depressed, and on re- 
storing the pressure of the air, it returns to its original 
position. 

The differential thermometer 
is a gas thermometer, so arrang- 
ed as to be free from the fore- 
going difficulty. It consists of a 
glass tube, a h. Fig. 11, bent into 
3ie form represented in the fig- 
ure, with a bulb blown on each 
extremity. To the horizontal 
part a scale pf divisions is affixed. The bulbs are full of 
atmospheric air, and in the tube there is a small column 
of colored liquid, which serves by its movements as an in- 

How can the use of thw instramtemt be illtfstrated ? By what distmb- 
ing cause is Sanctorio's thermometer affected ? How may thar be proved ' 
Describe the ^Hferentiftl thenaoometer. 
B2 
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dex. To understand the action of this instrument, it is 
only necessary to consider what will take place when it is 
carried into a room the temperature of which is very higli 
or very low. If the former, the air in both bulbs, becoxn- 
ing equally warm, will expand in both equally, and the 
column of fluid which acts as bh index being pressed 
equally in opposite directions, does not move at all. If 
the latter, the air in both bulbs cooling equally, contracts 
equally, and again no movement ensues. It is immateri- 
al, therefore, whether we warm or cool both bulbs, the 
instrument is motionless. But if one of the bulbs, c, is 
made wanner than the other, d^ movement at once ensues 
in the liquid column &om c toward d. Movement of the 
index, therefore, takes place when the bulbs are at differ- 
ent temperatures, and hence the instrument is called a 
differenual thermometer. It was formerly of considera- 
ble use in researches connected with radiant heat. 

^f IS. Different liquids expand different- 

ly for the same thermometric dis- 
turbance. This is easily shown by 
an apparatus, as Fig. 12, in which 
we have three tubes, a, b, c, with 
bulbs on their ends, -dipping into 
a trough,/, of tm plate. The tubes 
and bulbs should be all of the same 
size, and filled with the liquids to be 
tried to the "same height. To each a scale is annexed. 
Let a be filled with quicksilver, b with water, and c with 
alcohol ; on pouring hot water into the trough, two phe- 
nomena are witnessed: Ist. All the liquids expand; 2d. 
They expand unequally when compared together, the 
mercury expanding least, tlie water intermediately, and 
the alcohol most. 

Unlike gases, all liquids expand irregularly as their 
temperature rises, a given amount of heat producing a 
much greater effect at a high than at a low temperature* ' 
Ten degrees of heat, applied to a given liquid at 200°. 
will produce a greater expansion than if applied at 100^. 
The reason appears to be, that as a liquid dilates its co- 
do^ ?J?' ?***^'*nieiit be carried into a wann Mid then into a cold room, 
can ii K ?? "^^^^e ' Why is it caUeddiflterential thermometer! Hx)W 
Water nn^!!?^? *^at difFerent Hquids expand differenUy? Of meromy, 
•a. expand wSS*°^ ^^at ia the order of expansion ? Do liquids, like gaa 
^ with regtaariiy t What is the cao«© of the diffference t 
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hesive force becomes less, because its particles are being 
removed farther firom each other; and, as the cohesive 
force weakens, its antagonistic power, the heat, produces 
a greater effect. 

Advantage is taken of the properties of liquids 
in the making of thermometers. For these pur- 
poses, alcohol and mercury are the fluids selected. 
The mercurial thermometer consists of a fine cap- 
illary tube, Fig, 13, with a bulb blown on one 
end ; the bulb and part of the tube are to be fill- 
ed with quicksilver, and the air expelled firom the 
rest of the tube by warming the bulb until the 
metsd rises by expansion to the top of the tube, 
and at that moment hermetically sealing the glass 
by melting the end of it with a blow-pipe. As 
the thermometer cools, the quicksilver retreats 
from the top of the tube, and leaves a vacuum 
above it. 

It remains now to annex such a scale to the 
instrument as may make its indications compar- 
able with other instruments. To effect thb, 
the thermometer is plunged into a vessel con- 
taining melting ice or snow, and opposite the 
point at which the quicksilver stands is marked 
32^. It is then transferred to another vessel in 
which water is rapidly boiling, and the point op- 
posite which it then stands is marked 212^. The inter- 
vening space is divided into 180 equal parts ; these are 
degrees, and similar divisions are made on the scale for 
all points above 212°, and below 32^. The zero point, 
or cipher of the scale, is therefore 32 degrees below the 
freezing point of water. 

The melting of ice and the boiling of water are the fix- 
ed thermometric points. They have been selected for the 
purpose of rendering thermometers comparable with each 
other. The numbers which are attached to these points 
are arbitrary, and accordingly three different scales have 
been introduced in different countries. That which is 
commonly used in America and England is the Fahrea- 

For making thermometers, what liquids are selected ? How is the mer. 
corial thermometer made ? Is there a vactium ahove the mercury in the 
tube ? How is the scale adjusted ? WTiat is the freezing and what the 
boiling point ? What is mean^by the zero ? What are the fixed points T 
Why are tbefle fixed points employed? What three scalei have b«en 
introduced 7 



rig. It. 


f< 


£\ 


r 


-1 


Jf 


1^ 




i "^ 


n 

■ i 


■"^ 


» 


] 


u i 


1 .^ ^' 


Jfa 


%~ 


m,^ 


1 ** 


3^;. 




ra- 
il ' 
0, 

n : 




n] 


4 


■f 


-1 ^* 


*I 


■y 


U ; 




Jl 


"y£ 


I 


i ■ 


n 




i 




i 


^ 



20 TBB MBSOUSIAL THSBMOVBTnt. 

heit scale, which, as we have just seen, makes the melting 
point of ice 32^, and the boiling dT wat^r 212^. In 
France, the Centigrade scale is employed ; this has £bt 
the melting of ice 0^, and for the boiling of water 100^. 
In some parts of Europe, Reaumur's SctAe is used, tbe 
points of which are respectively 0© and SO^. Chemical 
authors always specify the thermometer they use by a 
letter attached to the numbers ; thus, 212 F, 100 C, 80 R, 
refer to the boiling of water on Fahrenheit's, the Centi- 
grade, and Reaumur's scales. It is obvious that these de- 
grees are readily convertible into each other by a simple 
arithmetical process. 



LECTURE V. 

Expansion of Liquids and SoLms. — Importance of the 
Thermometer^-^Alcohol Thermometer. — Poi$U of Max- 
imum Density of Liquids, — Maximum Density of Wa- 
ter connected with Duration (^the Seasons.^—JExpansion 
of Solids. 

From the considerations advanced in Lecture III., we 
can perceive the importance of the thermometer. As all 
our measures of space and time are affected by variations 
of temperature, the thermometer, which measures those 
variations, must necessarily be one of the fundamental 
instruments of physical science. If we state that a given 
object is a foot long, we must specify the temperature at 
which the measure was taken, for at a lower temperature 
it will be less than a foot, and at a higher it will be more. 

There are several peculiarities which quicksilver pos- 
sesses that eminently fit it to be a thermometric fluid. 
1st It can always be obtained in a state of uniform purity. 
2d. It expands with greater regularity than most liquids^ 
as its temperature rises, and when inpluded in a bulb of 
glass, as in the common instrument, the irregularity of 
expansion of the glass almost exactly compensates the ir- 
regular expansion of the quicksilver, and hence the true 

^WTiat i« the Centigrade scale ? What is Reamxrar's 7 Can dieae be 
"oiiverted into each other 7 Why is the thermometer gncb an important 
S iTfOT^Sie'^*"'? "® *'° 9«afiti6» which^qmckaUrer poBsewea wJdob 
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Ceiopdrature ia veiy aceuratdly marked. 3d The range 
<^f temperature between the points of solidification and 
boiling I0 great, the former being —^9^ Fahrenheit, and 
the latter at 662^ Fahrenheit ; that ia, about aeven hundred 
degrees. 4th. It does not soil or moisten the tube in 
virhioh it is contained, nor does it adhere thereto, but 
moves up and down with facility. 5th. It is affected much 
more readily than water or spirits of vnue by a given 
amount of heat, as we shall see when we come to speak 
of the capacity of bodies for caloric. 

When very low temperatures have to be measured, 
such as ap|iroach or are below the freezing point of quick- 
silver, we resqrt to thermometers filled with alcohol, tinged 
with some coloring matter to make its movements vis- 
ible. This fluid requires a diminution of temperature of 
more than ISO^ below the zero of our scale before it 
solidifies, and hence is adapted to the measurement of 
low temperatures. 

If we take some water at 100^ Fahrenheit, and, placing 
it in a vessel in which we can observe its volume, reduce 
its temperature, we shall %d, agreeably to the general 
law heretofore given, that as it-tsools it contracts. As it 
successively passes through SO, 60, 50 degrees, it exhibits 
a continuous diminution ; but as soon as it has fallen be- 
low 390, although it may still be cooling, it begins to ex- 
pand, and continues to do so until it reaches 32^, when 
It freezes. If we take some water at 32^ and warm it, 
instead of expanding, it contracts, until it reaches 39^ ; 
but from that point, any farther elevation of temperature 
causes it to obey the general law, and it expands. 

It is obvious, therefore, that if we take water at 39^, 
it is immaterial whether we warm it or cool it, it will ex- 
pand. At that temperatm*e, therefore, this liquid occu- 
pies the smallest bulk, and is at its greatest density, for 
neither by cooling nor warming can we reduce it to small- 
er dimensions. The particular thermometric point at 
which this takes place is designated ** the point of maxi- 
mum density of water y^ and very exact experiments show 
that it is about Z0\^ Fahrenheit. ______^ 

Under what circuixustances are alcohol thermometen used t Doea water 
•ontract r^jnlarly when cooled firom 100° to 32° ? Does it regularly ex- 
pand when warmed from 32° T At whftt tiiermometric point does that 
fhaage take place? What is the daaignatiOB given to tliat point? Why 
>8 that designation appropriate ? 
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There are many liquids wbich thus have points of max 
imam density, and which expand previous to assuming 
the solid form. In the act of solidifying, water undergoes 
a very great dilatation, amounting to ahout ^th of its vol- 
ume ; this is the reason that ice floats upon it. Several 
melted metals exhibit the same phenomenon, and advan- 
tage is taken of the fact in the arts. The alloy of whidi 
printers' types are formed, or stereotype plates oast, in die 
act of solidifying, expands, and hence forces itself into 
every part of a mould in which it may be poured, and 
copies It perfectly ; the same is the case with melted cast 
iron. But it is impossible to obtain good castings with 
such a metal as lead, which contracts as it cools, and there- 
fore tends to separate from the surface of the mould, or 
to leave vacant spaces in it. 

The fact that water possesses a point of maximum den 
sity is connected, to a great extent, with several remark- 
able natural phenomena; the freezing of water on its 
surface is one of these results. If the wat^- contracted 
as it cooled, the colder portions would descend, and rivers 
or ponds would commence to freeze at the bottom first, 
(he solidification advancing steadily upward. Such col- 
lections of this liquid would, during the course of a win- 
ter, become solid masses of ice, and they would greatly 
prolong that season of the year, from the length of time 
required to thaw them. But with things as they at pres- 
ent exist, the coldest water is the lightest; it floats on the 
warm water below; solidification takes place on the sur- 
face, and a veil or screen is soon formed which protects the 
liquid beneath. Wlien the warm weather of spring comes 
on, the ice on the surface is in the most favorable posi- 
twn for melting, and thus the point of maximum density 
of water comes to be connected with the duration of the 
seasons, 

^ ^** We have already proved by the 

instrument represented in Fig. 1, 
^ that solid substanoes dilate as their 

*^ temperature rises. The same results 
may be made very apparent by the apparatus, Fig, 14. 

. jf '®.*®'"? ^^^^ liquids which have poinU of maximum density ? What 
^r?.^Jf«?^l?^^^%^^*hi^*^"?'^ Why do*s water gee.r&S 



BZPAiraiON OF 801.IIML 28 

Upon a strong basis or wooden Board, a b, let there be 
fastened two brass upriebts, c df with notches cut in them, 
so as to receive the ends of the metallic bar, e. This bar 
should be very slightly shorter than the distance between 
the two uprights, that when it is placed resting in their 
grooves, if we take hold of it and move it, it will make a 
rattling sound as we push it backward and forward. If 
now we pour hot water upon the bar, it dilates, as is 
proved on restoring it to its position between the uprights ; 
it will na longer rattle, for it occupies the whole distance 
between them, and perhaps there may even be a difficulty 
in forcing it into the grooves. 

For the determination of -very small spaces, the sense 
of hearing may often be far more effectually employed 
than the sense of sight. 

The pyrometer, ^ ng.i^ 

of which we have ^ 

several varieties, is 
represented in Fig. 
15. It may serve to 
illustrate the fact < 
that solid substan- 
ces eicpand by heat." 
It consists essen- 
tially of a metallic 
bar, a a, resting at 
one end against an 
immovable prop, c, the other end bearinjg upon a lever, b. 
The extremity of this lever presses upon a second lever, 
c, which also serves as an index. Upon the index-lever 
a spring acts, so as to oppose the lever b, and the point of 
the index ranges over a graduated scale. 

If now lamps be applied to the bar, it expands, and the 
pressure taking effect on the lever, puts it m motion, the 
index traversing over the scale. On removing the lamp 
the bar contracts, and the spring pressing the lever in the 
opposite direction as soon as the bar is cold, brings the 
index back to its original point. 

How does the instrument. Fig. 14, prove tihat a metallic bar expands 
when heated ) Desoribe the pyrometer and lAxe mode of vsing it 
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LECTURE VL 

ExFANBioN OP Solids. — CatUracHom of SoUds.^-^The^ 
expand irregularly.'^D^ertnt Solids expand different- 
ly, -^Points of Meacimum Density^ — Metallic Thermom- 
eterBi — Nature of Thermometric Indicatione. 

It is a popular error, tliat when solid bodies have been 
heated, they do not return, on cooling, to their original size. 
Without resorting to any experimental proof, a few sim- 
ple considerations will satisfy us on this point. If a bar 
of metal be exposed for a length of time in the open air, 
it will of course be subiected to continual chants of tem- 
perature ; whenever tne sun shines on it it will expand, 
and during the cold night it will contract. If now, on 
cooling, it did not rigorously come back to its original 
size, but remained a little elongated, we should observe it 
inoreasing from day to day, and no matter how minute the 
difference might be, in the course of time it would become 
perceptible. Public edifices in cities are often surround- 
ed by railings of cast iron, which are constantly exposed 
for years to variations of heat and cold, but did any person 
ever observe them to grow or increase in size? We 
conclude, therefore, that solid bodies, on cooling to their 
original temperature, regain their original bulk. 

By linear dilatation we mean increase in one dimension, 
as in length; by cubic dilatation, increase in all dimensions, 
length, breadth, and thickness. Knowing the amount of 
linear dilatation of a given solid, we can easily ascertain 
its cubic dilatation, by multiplying the former by 3. This 
result is near enough for practical purposes. 

Solids expand increasingly as their temperature rises, 
a phenonemon already ol^erved in the case of liquids, 
and due to the same cause — a diminution of the cohesive 
force of the particles, because of their increased distance. 

Compared with one another, different solid substances 

What depuive pioof can be ^yen tiiat aolidi, on oooUne to their ordinal 
temperatare, come back to their original trice ? What is Hnear dilatation ? 
What is cubic dilatation ? How can the fenner be converted into thtt 
latter ? Does the same solid expand uniformly or increasingly as its tem- 
perature rises 7 
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expand differently for Ihe same disturbance of tempera^ 
ture. This may be shown by having bars of dif!erent 
metals, but of precisely the same lengths, adjusted to the 
grooves of the instrument, Fig, 14. If a bar of brass and 
one of iron be compared, it will be found that the brass 
expands more than the iron, for it wiH entirely fill the dis- 
tance between the uprights, while the iron rattles between 
them. 

This diffference of expansion is also shown when two 
long slips of metal are soldered together face to face. If 
we fasten in this manner a slip of brass to ' Fig. lo. 
a similar slip of iron, as in Fig, 16, in ^ 
which a a is the slip of iron and b h the ^^ 
slip of brass, at common temperatures the 
compound bar is adjusted so as to be 
straight, but if hot water be poured upon 
it, it immediately curves, as represented 
at a c, the s1;rip of brass being on the out- ' 
side of the curve ; if, on the other hand, it 
be artificially cooled, the curvature is in 
the other direction, as at h d, the iron being on £he out- 
side of the curve. AU this is obviously due to the fact 
that, for the same disturbance of temperature, the brass 
contracts and dilates much more than the iron. "When 
the temperature is raised, the brass becomes the longer, 
and compels the compound bar to curve, it occupying the 
greater length of the curve. When the temperature falls, 
the brass becomes the shorter, and the bar curves in the 
opposite direction. 

By taking advantage of these metallic combinations, 
pendulums and balance-wheels for the accurate measure- 
ment of time have been constructed. The gridiron pen- 
dulum and the compensation balance are examples. 

There are some metallic bodies which exhibit points of 
maximum density in the solid state. Rose's fiisible metal 
is an example. When heated from 32° to 111°, it ex- 
pands, but afi;er that point it contracts, and continues to da 
so until it reaches 156°, at which temperature it is actu- 
ally less than it is at 32°. From this point it again ex- 
Bo different tsolida expand alike 7 Of brass and iron, wbicb expands 
most ? Describe tbe construction of a compound bar, and the effect of 
Inarming and cooling it. What instruments are constructed on this ppop'- 
orty ? What ore the propertios exhibited by Rose's fusible metal ? 



90 



METALUO TBEEMOMBTESB. 



pands, and continues to do so until it melts, which takes 
place at about 201^ Fahrenheit. 

Liquid. thermometerB have a limited range of indica- 
tion. They can not be exposed to degrees of heat ap- 
proaching ike point of solidification, for then their move- 
ments become irregular ; neither can they be used for 
degrees near their boiling point, for if vapor should form, 
the instrument would be destroyed. But as there are 
many metals which require a veiy great degree of heat 
to melt them, it mieht be expected that we should find 
among this class bodies well suited for thermometric pur- 
poses. The instrument given in Fig. 15 serves to illus- 
trate such an apparatus, and also the difficulties encoun- 
tered in its use. From the small extent to which metals 
expand, this form of instrument requires levers, or wheels, 
or some multiplying machinery connected with it, to make 
the changes more perceptible ; but such mechanical con- 
trivances can not be employed without the introduction 
of certain causes of disturbance. Friction occurs on the 
centers of motion, the teeth of the wheels play on each 
other, and therefore the index, instead of moving with 
regularity and precision as the expanding bar presses, 
moves by starts often of several degrees at a time, then it 

Eauses, and once more starts again, the whole movement 
eing incompatible with exactness. 
A compound jstrip of metal, as represented in Fig, 16, 
is free from many of these difficulties, and if of sufficient 
length, it will indicate temperatures 
with great delicacy. A modifica- 
tion of this instrument is known un- 
der the name of Breguet's ther- 
mometer. It consists of a very slen- 
der strip of platinum, soldered to a 
similar piece of silver, and curved 
into a helix, or spiral, a i, Fig, 17. 
It is fastened at its upper extremity 
to a metallic support, c c, and from 
its lower portion an index projects, 
which plays over a graduated circle. The expansion of 
silver is more than twice as great as that of platina ; 

Why can not liqaid thermometers he xued for very low and very high 
temperatares 7 What difficaltiea oocnr in the oae of thii instrument t 
D98crib« TiT9ga9^n thermometer. 
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when, therefore, the temperature of the thin spiral rises, 
curvature, with a corresponding motion of the index, takes 
place ; and if the temperature falls, there is a movement 
m the opposite .direction, as has been already explained. 
This Breguet's thermometer is one of the most delicate 
instruments we have, for the mass of the spiral is so small 
compared with the mass of mercury in an ordinary ther- 
mometer, that every change in the surrounding tempera- 
ture is followed with rapidity and precision. 

For many purposes in science and the arts, it is necessa* 
ry to determine temperatures above a red heat. Daniell's 
pyrometer is intended to meet these occasions. It con- 
sists of an airangement by which the expansion of a bar 
of iron or platinum, while exposed to the heat to be meas- 
ured, is registered. Th^ amount so registered is subse- 
quently determined upon a divided scale, and the tem- 
perature estimated therefrom. By the aid of such an 
mstrument very high temperatures may be determined, 
and thus it has been shown that brass melts at 1869^ 
Fahrenheit, copper at 1996°, gold at 2200^, and cast iron 
at27860. ' 

The thermometer is commonly regarded as a measurer 
of heat. A little consideration will satisiy us that it is 
only so in a limited sense ; it does not indicate the quan- 
tity of heat present in the bodies to which it is exposed, 
for if immersed in a glass of water and a bucket of water 
drawn from the same well, it stands at the same point ; 
but of course there are very different quantities of caloric 
in the two cases. It is not, therefore, the quantity of heat, 
but the intensity, which it measures ; that is to say, not the 
quantity abstractly, but the quantity contained in a given 
space; and in the mercury thermometer, that space is 
measured by the volume o£ the mercury in the instrument 
itself. It does not tell how much heat is absolutely present 
in the substances to which it is exposed ; and though it 
may stand at the same height in the same quantity oftwo 
different liquids, it does not follow that those liquids con- 
tain the same amount of caloric, as we are immediately 
to see. 

Why is Ihia instrument so lenritive T Describe the principle of Darnell's 
pviometer f Qive the melting points of some of the most important met 
als. Does the thermometer meaanre the heat to which it is exposed? 
What is it, then, that it does aotaaily measure T What is meant by the 
iDl«untvofl>«at? 
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LECTURE VII. 

Capacity of Bodies for Heat. — Methods of determining 
Capacities, — Warming, — Melting. — Cooling. — Jf£a?- 
ture. — Comparison between the Thermometer and Cal- 
orimeter. — Definition of Specific Heat. 

Many years ago it was discovered by Boyle, that if two 
bottles of the same size and form were filled with differ- 
ent liquids, and placed before the fire so as to receive ita 
beat equally, their temperature did not rise similarly; 
thus, if one bottle was filled with water and the other with 
quicksilver, the temperature of the latter would rise much 
more rapidly than that of the former ; and, on making 
the experiment with a little care, it will be found that the 
same quantity of heat will raise the temperature of mer- 
cury twice as high as thait of an equal volume of water. 

By extending these experiments to other substances, it 
has been fully proved that different bodies require different 
amounts of heat to warm them equally. 

There are several different methods by which the ca- 
pacity of bodies for heat may be determined, such as, Ist, 
by warming; 2d, by melting; 3d, by cooling; 4th, by 
mixture. 

The first of these methods has already been illustrated 
by the experiment of Boyle, It consists essentially in ex- 
posing the same weight of the substances to be tried to a 
uniform source of heat, as, for example, a bath of hot water, 
and examining how high their temperature has risen in a 
given space of time. Thus it will be found that it takes 
twenty-three times as long to warm water as to warm 
mercury, when equal weights are used, and hence we 
infer that the capacity of water for heat is twenty-three 
times that of quicksilver. . a i 

The second process is involved in the action of the cal 
orimeter, the operation of which may be easily under 
stood from Fig. 18. Take a solid block of ice, a a, in 
which a cavity of the form represented at b has been 

Bescribe Boyle'fl experiment with water and qaicksilver. To what 
general result do snch experiments lead t State the di^ejent methods hy 
jmch capacities for heat am be diOtenmiidd. Give an lUustratioa of the 
«r«t process. 
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made, and provide a slab of ice, e c, ^' ^^ 

which may close completely the mouth ^H 
of the cavity. Suppose it were re- ^■- 
quired to determine the relative ca- 
pacities of water and quicksilver for 
heat. In a glass flask, d, place one 
ounce of water, and by immersing 
the flask in a bath of bot water, raise 
its temperature up to a given point, 
as, for example, 200^ ; then place the flask at this tem- 
perature in the cavity b, and put on the cover, c e. The 
hot water in the flask begins to cool, and in descending to 
32^, the point to which it will eventually come, a certain 
portion of the surrounding ice is melted, the water re- 
sulting therefrom collects in the bottom of the cavity, and 
when the cooling is complete, it may be poured out and 
measured. 

In the next place, put in the flask one ounce of quick- 
silver, the temperature of which is raised as before to 
200^ by immersion in the hot-water bath; deposit the 
flask in the ice cavity, and put on the cover. As the quick- 
silver cools, the ice melts, and when the collected water 
is measured, it is found to be less than in the other case, 
in the proportion of 1 to 23. A given weight of water 
will therefore melt 23 times as much ioe as an equal 
weight of quicksilver, in cooling through the same number 
of degrees. 

The calorimeter of Lavoisier, which is represented in 
Fig, 19, acts on the same prin- 
ciple as the block of ice. It 
consists of a set of tin vessels 
within each other ; in the cen- 
tral one, a, the substance to be 
examined is placed, and be- 
tween this and the next vessel, 
at b, the ice to be melted is 
introduced, broken into small 
fragments; the water arising 
from ttke melting flowing off 
through a stopcock, t, at the 

Show how the capacities o£ water and mercury may he ascertained hjr 
the second. What are l^e relative capacities of equal weights of fhesa 
hodies 7 Describe the calorimeter of Lavoisier. 
C 2 
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bottom into a measuring glass ; and in order to avoid any 
portion of the ice being melted by the warm external air, 
another layer of fragments of ice is placed on the outside 
at df and the water arising from it is carried off by a lat- 
eral stopcock, e. 

The third process, the method by cooling, known also 
as the method of Dulong and Petit, consists essentially in 
ascertaining the length of time required to cool through a 
given number of degrees. A substance which, like water, 
has a great capacity for caloric, and therefore contains a 
large amount of it, requires a greater length of time to 
cool ; but one like quicksilver, the capacity of which is 
smaU, having less heat to give forth, requires a corre- 
sponding short space of time. The method by cooling re- 
Suires several precautions; among others, the bodies un- 
er investigation should be placed in vacuo. It gives very 
exact results. 

The method by mixture may be readily understood. 
If a pint of water at 50^ be mixed with a pint of water at 
100^, the temperature will be 75^, that is the mean. But 
if a pint of mercury at 100^ be mixed with a pint of wa- 
ter at 40^, the temperature of the mixture will be 60^ : 
so that the forty degrees lost by the mercury can only 
raise the temperature of the water twenty degrees. It 
appears, therefore, that when equal volumes of these flu- 
ids are examined, the capacity of the water for heat is 
about twice as great as that of mercury, and of course the 
result becomes still more striking when equal toeights are 
used, being then, as we have seen, in the proportion of 1 
to 23. 

The method of mixtures is not limited to the investiga- 
tion of liquid substances, but it may also be extended to 
solids. Thus, if a pound of copper, heated to 300°, be 
plunged into a pound of water at 50^, the resulting tem- 
perature is 72° ; from which it appears that the capacity 
of water for heat is about ten times as great as that of 
copper. 

By resorting to these various methods, the capacities 
of a great number of substances have been determined, 
and in the treatises on chemistry, tables exhibiting such 
results are given. But it will have been noticed, from the 

Describe the method of Dnbn^^ and Petit Describe the method bv 
«ixtorA. Is this limited to liqaid sabstances f 
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foregoing instances, that it is not the absolute quantities of 
heat in bodies that we thus determine, but only relative 
quantities in substances compared together. Such ta- 
bles require, therefore, one substance to be selected with 
which all the others may be compared, and for solids and 
liquids water has been chosen. Its capacity for heat is 
represented by 1*000, and with it they are compared. For 
gaseous bodies atmospheric air is chosen. 

By contrasting the nature of the results given by the 
calorimeter. Fig. 19, with the indications of a thermom- 
eter, we shall see more clearly what it is that the latter 
instrument in reality points out. The calorimeter meas- 
ures quantities of heat, the» thermometer intensities. As 
has been said, a thermometer placed in two vessels of 
difierent capacities, filled with water from the same source, 
will stand at the same height in both, and indicate the 
same temperature. But it needs no experiment to assure 
us that, if these different quantities of water were placed 
successively in the interior of the calorimeter, they would 
melt different quantities of ice, the one melting more of 
the ice in proportion to its greater weight compared wil^ 
the other. 

Dr. Black, who was one of the early investigatora of 
these phenomena, introduced the term "Capacity of Bod- 
ies for Heat," implying the idea that this principle, enter- 
ing their pores, could be taken up by different bodies in dif- 
ferent amounts^ Thus, if we have two pieces of sponge 
of the same size, one of which is of a very dense, and the 
other of a porous texture, and cause them to imbibe as 
much water as they can hold, the porous sponge will of 
course contain the greater quantity. These sponges may 
therefore be said to have different " capacities for water;*' 
and this is precisely the idea which is conveyed in Black's 
doctrine of capacity. 

But, upon these principles, it would follow that the 
lighter a body is, that is, the greater the interstices between 
its atoms, the more caloric it should be able to contain. 
Oil, therefore, which will float upon water, ought to have 
a greater capacity for heat than water ; but, in fact, it is 

Do we thus determine the absolute quantities of heat in bodies ? What 
substance is used to compare soKds and liquids ? What is the substance 
for gases ? How do the indications of the calorimeter compare with those 
of the thermometer ? On what analogy is Black's doctrine of " capacity" 
fbosded 7 What is the objection to this doctrine 7 
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the reverse, for its capacity, instead of being gpreater, it 
not one half. To avoid these difficulties, the term spe- 
cific heat has been intioduced by most writers, and the 
term capacity abandoned, a change which I think is to 
be regretted. 

The specific heat of bodies, or their capacity for calor- 
ic, increases with their temperature. Upon Black's doc^ 
trine, the cause of this is readily understood, for, in sim 
Die language, the pores become larger, and there is there- 
ore room for more heat. Solid substances, when violentr 
ly compressed, evolve a portion of their caloric : thus, ^ 
piece of sofl iron, when hammered, becomes red hot 
The doctrine of Black here again offers a ready expla- 
nation, for on the same principle that a sponge, when com 
Sressed, allows a certam jiortion of its water to exude, an 
le metalline mass, when its particles are forced together- 
allows some of its caloric to escape. 



?c 



LECTURE VIII. 

Capacitt for Heat and Latent Heat. — VariahiUtyGf 
Capacity under Compresnon and DUatation, — Theory of 
the Formation of Clouds, — The Fire Syringe. — Cold in 
the upper Regions of the Air.-^Connection between Spe- 
cific Heats cmd Atomic Weights. — Latent Heati — Ca- 
loric of Fluidity. 

When the volume of a gas increases, its capacity foi 
heat increases, and a diminution of volume is attended 
F^. 20. with a diminution of capacity. Thus, if we 
place a Breguet's thermometer under tie re- 
ceiver of an air pump, and exhaust rapidly, a 
sudden reduction of temperature is indicated, 
arising from the fact that, as the rarefaction is 
effected, the capacity increases, an increase 
which is satisfied at ^e expense of a portion of 
the sensible heat. 

Upon the same principle we can explain the sudden 

Wh&t is meant by specific heat? Does the capacity of bodies change 
with their temperature ? Does it change under compression ? How it 
t^s explained agreeably to Black's doctrine? When the volome of a 
ras changes, what are the changes in its specific heat 7 What is the 
foot which the experiment oiFig, 20 proves t 
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appearance of a fog ot cloud, when moist air is quickly 
rarefied. It will be seen, when I come to speak of the 
nature of vapors, that the quantity of vapor which can 
exist in a given space depends on the temperature ; thus 
if a space saturated with vapor is cooled, a portion of the 
vapor assumes the liquid form. When, therefore, by 
the aid of an air pump, we suddenly rarefy air saturated 
with moisture under a receiver, the capacity increases, 
cold is produced, and a part of the water takes on the 
form of drops. It is on mis principle that the pig, 91. 
nephelescope acts : it consists of a receiver, a, 
Fig. 21, connected with a flask^ c, by an inter- 
vening stop-cock, b ; the st(^-cock being closed, 
the receiver is exhausted by the pump, and 
now, on suddenly opening the stop-cock, so that 
the air contained in the flask may rapidly ex- 
pand into the receiver, a mist or cloud makes 
its appearan,ce, due to the deposit of water in 
the form of minute drops. If the air at the time 
-be very dry, it may be purposely rendered 
moist by being exposed to water. 

When atmospheric air is suddenly compressed, its ca- 
pacity for heat diminishes; this is well shown by Fi^n 
an instrument such as is represented in Fig. 22^ 
consisting of a syringe, with a piston moving per- 
fectly air tight in it. On the end of the piston 
there is an excavation, in which a piece of tinder 
may be fastened ; the piston being rapidly forced 
into the syringe, the air is compressed, the capacity 
for heat becomes less, caloric is evolved, and the 
tinder set on fire. At one time these syringes were 
used as a means of obtaining fire. 

The variation in capacity of substances under variation 
of volume may be clearly understood and readily borne 
in mind by Black's doctrine, as illustrated in the case of 
a naoistened sponge. If a sponge which has imbibed as 
much water as it can hold be compressed, a portion of 
the water exudes, just as the air in the syiinge allows a 
portion of its heat to escape when pressure is made. Oi| 

What is the feeoiy of the productiou of cloada ? Descrihe the nephel- 
egcope. What is the result of the action of tliis instrument ? When an 
is compressed, why does it ^mit heat? How c^ thes» changes be ao- 
counted for by Black's doctrine ? 
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relaxing tbe force on the sponge, and aOowmg it to dilate, 
it mil take up an increased quantity of water ; and air, 
when suddenly dilated, as we have seen, has its capacity 
for heat increased. 

From these facts, it appears that the heat of bodies 
exists under two different forms, as sensible and insensible 
heat. In the experiment with the syringe, just related, 
the heat that sets fire to the tinder existed previously to 
compression in the air ; it existed as insensible heat, but 
during the compression it put on the form of sensible heat. 
The same transition is also recognized in the action of the 
nephelescope ; the heat, iVhich was sensible before rare- 
faction, becomes insensible, and cold, or a depression of 
' temperature, is the result. 

The great degree of cold which reigns in the upper 
regions of the atmosphere is due, to a considerable extent, 
to the capacity of that dilated air for heat. On the same 
principle we can explain the formation of clouds from 
transparent atmospheric air : a stratum of air, reposing on 
the surface of the sea, or the moist earth, becomes satu- 
rated with vapor; by the warmth of the sun or other 
causes, it begins to rise in the atmosphere, and as it rises 
it expands, because the pressure upon it is continually 
becoming less. An increased capacity is the result of its 
dilatation, and, as is the case in the nephelescope, cold is 
produced, and a deposit of a part of the moisture takes 
place ; this moisture, appearing under the form of minute 
drops, is what we call a cloud. 

From the small capacity of quicksilver for heat, we see 
one of the t'easons that it is a suitable substance for form- 
ing thermometers; it warms rapidly and cools. rapidly, 
and therefore follows variations of temperature much more 
promptly than water and most other liquids. 

There is a connection between the specific heat of sev- 
eral simple bodies and their atomic weights, pointing out 
the fact t^at elementary atoms have in many instances 
the same specific heat ; recently the same conclusion has 
been established in the case of certain oxides, carbonates, 
and sulphates. 

What are the relations between ■ensible and insemible heat 7 De- 
scribe tbe mode in which clonds form. Why does the capacity of quick- 
silver fit it for a thermometric liquid 7 What u the relation of the apeciJfiB 
heat of many elemantaiy bodiM 7 
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If we take a mass of ice» tbe temperature of which is at 
the zero point, and bring it into a warm room, examining 
the circumstances under which its temperature rises, they 
will be found as follows : the mass of ice, like any other 
solid body, warms with regularity until it reaches 32^ ; 
then, for a considerable period of time, no farther eleva- 
tion is perceptible, but it undergoes a molecular change, 
assuming the liquid condition ; when this is complete, the 
temperature again commences to rise. 

That we may have precise views of these facts, let us 
suppose that the mass of ice and the warm room into 
which it is carried have such relations to each other that 
the temperature of the £3rmer can rise from the zero point 
one degree per minute ; for thirty-two minutes the tem- 
perature of the ice will be found to increase, and at the 
end of that time, a thermometer, if applied, would stand 
at 32^. But now, although the heat is still entering the 
ice at the rate of a degree per minute, the process of 
warming ceases, and for 140 minutes no farther rise takes 
place; the ice now commences to melt, and in 140 min- 
utes the liquefaction is complete. The temperature then 
again rises, and continues to do so with regularity. 

We infer from results like the foregoing, that about 
140 degrees of heat BJto absorbed by ice in passing into 
the condition of water; and as this heat is not discoverable 
by the thermometer, it is designated as latent heat. 

A similar fact appears when any liquid, such as water, 
passes into the gaseous or vaporous condition. Thus, if 
§ome water be exposed to a fire which can raise its tern* 
perature at the rate of one degree per minute, that effect 
will continue until 212° are reached; at that point, no mat- 
ter how much the heat be increased, the temperature re- 
mains stationary. The water undergoes a change of form, 
Jissuming the condition of a vapor, and the change is com- 
pleted in about 1000 minutes. In this, as in the former 
instance, we infer that a large amount of heat has become 
latent, or undiscoverable by the thermometer, and that it 
is occupied in establishing the elastic foim which the 
water has assumed. 

Describe the change which ice undergoes when wanning. Is there any 
pause in the elevation of its temperature ? How many decrees of heat 
are absorbed during the liquefaction of ice ' What is latent heat T How 
many degrees of lieat are absorbed during the vaporization of wat«rt 
What is the latent heat of steam f 



so OALOaiC OF FLUIDITY. 

The caloric which thus disappears when a solid as- 
sumes the liquid form, takes also the designation of caloric 
of fluidity, and that which disappears in the formation oi 
a vapor, the caloric of elasticity. 

In the treatises on chemistry, tables may be found ex- 
hibiting the caloric of fluidity of different bodies ; thus, 
the caloric of fluidity of water is 140^, that of melted lead 
162°, of bees' wax 175°, and of melted tin 500°. 

By the method of mixtures the same results may be es- 
tablished ; thus, if a pound of water at 32° is mixed 
with a pound at 172^, the mixture will have the mean 
temperature, that is, 102°; but if a pound of ice at 32^ 
be mixed with a pound of water at 172^, the mixture still 
remains at 32P, and the reason is clear, from the foregoing 
considerations, that ice in passing into the liquid state re- 
quires 140^ of caloric of fluidity which is rendered latenL 



LECTURE IX. 

Latbnt Heat. — Heat evolved in Solidification, — Theory 
of freezing Mixtures. — Expansion during Solidification. 

Fixity of the Melting Point. — Latent Heat connected 

with the Duration of the Seasons, — Nature of Vapors. 
— Caloric of Elasticity. 

When a liquid assumes the solid form, a considerable 
amount of heat is evolved. The cause is readily under- 
stood, from what we have seen taking place during the 
reverse process; which has led us to the fact that the 
Fig. 23. difference between any given solid and the 
liquid which arises from it by melting is in 
the large amount of latent heat which is found 
in the latter, and which is occupied in giving 
it its form. ^ 

A saturated solution of sulphate of soda 

1^ may be cooled from its boiling point to com- 

I mon temperatures, in a vessel tightly corked, 

1^ without solidification taking place ; but when 

the cork is withdrawn crystallization ensues, 

Whnt is calorks of fluidity ? WTiat is caloric of elasticity ? How can 
the doctrine of latent heat be established bjr the method of mixtures 1 Is 
heat absorbed or evolved when a liquid sohdifies ? What is the cause of 
ttua ? How can it be illustrated with a solution of sulphate of soda ? 
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and heat is evolved. This may be proved by taking a 
bottle, a a. Fig. 23, filled with such a solution ; and having 
introduced the bulb of an air thermometer through the 
neck, hy by means of an air-tight cork, the mouth, c^ of 
the bottle is to be carefully stopped. When the whole 
apparatus has reached the ordinary temperature of the 
air, the stopper at c is withdrawn, and solidification at 
once takes place, or, if it should at first fail, the introduc- 
tion of a crystal of sulphate of soda will bring it on. At 
that moment it vnll be perceived, that not only does the 
thermometer indicate a lise of temperature, but if the bot- 
tle be grasped, it will be found to be sensibly warm. 

With care, water may be cooled to a point far below 
that of freezing without assuming the solid form. If^ un- 
der these unusual circumstances, it be agitated, solidifica- 
tion ensues, and heat is evolved, the temperature rising to 
320. 

On these prindples depends the action of freezing mix- 
tures, of which the following is an example : If we take 
eight parts of crystallized sulphate of soda, and mix it in a 
tbm tumbler with five parts of hydrochlorio acid, the sul- 
phate of soda, from being a solid, assumes the liquid form ; 
and taking, in order to efiect that change of form, caloric 
from surrounding bodies, it reduces their temperature. 
This may be shown by placing four parts of water in a 
thin glass test tube, and stirring it about in the mixture ; 
the water speedily freezes, even though the experiment 
may be made on a warm summer day. 

In the treatises on chemistry tables of freezing paixtures 
are inserted. All these mixtures depend essentially on 
the principle under consideration — that latent heat must 
be furnished to a substance passing from the solid to the 
liquid state. They consist of various solid substances, the 
liquefaction of which is brought about by the action of 
other bodies; thus, in the instance we have seen, the sul- 
phate of soda is brought from the solid to the liquid state 
by muriatic acid, and heat is necessarily absorbed. Into 
the composition of many of the most efiective of these 
freezing mixtures ice or snow enters. Thus, a mixture 
of snow and common salt wiU bring the thermometer be- 

Can water be cooled below 32° without i^ezing ? CKve im exam]^lo 
of a freezing zzuxtore. What are the principles on which freezing mix 
turea act ? . 

D 
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low tbe zero point, and when nitric acid is poured on 
0now, the temperature falls as low as thirty degrees be- 
low zero. 

Many substances, when solidifying, expand. This is the 
case with water, in which the amount of expansion is about 
^th of the bulk. The force which is exerted under these 
circumstances is very great, and capable to tearing open 
the strongest vessels. On a small scale, this may be easily 
shown by filling a bottle full of water, and, having intro- 
duced the cork, fastening it tightly down with a piece of 
wire. On putting such a botde into a freezing mixture, 
for example, snow moistened with nitric acid, congelation 
promptly takes place, and the bottle is bursL 

The freezing point of water is usually spoken of-as a 
fixed point, and is marked as such upon the scales of our 
thermometers ; but if water be cooled without allowing 
any movement or agitation of its parts, it may be brought 
as low as 15^. It is then in the same condition as the 
saturated solution of sulphate of soda just alluded to. 
The slightest motion is sufficient to solidify it. But though 
water will retain its liquid form far below its freezing 

?oint, ice can not be brought above 32° without melting, 
'he melting of ice, and not the freezing of water, is there- 
fore the fixed thermometric poinL 

We have seen that the possession of a point of maxi- 
mum density by water exerts a great effect upon the du- 
ration of the seasons : a similar observation might be made 
as respects its latent heat. If ice, by the absorption of a 
single degree of heat, when it passes from 32°, could 
turn into water, the great deposits of winter would sud- 
denly melt, and inundations be frequent ; or, if water, by 
losing a single degree of heat, turned into ice, freezing 
would go on with great rapidity. To the melting of ice, 
or the freezing of water, time is necessary'; the 140° of 
latent heat have to be disposed of; this, therefore, serves 
to procrastinate the approach of winter, and causes the 
spring to come forward with more measured steps. In 
autumn the water has 140° degrees of heat to give out to 

What is the aznoimt of the exp&xusion of water in the act of freezing? 
How may the force with which this expansion takes place be illnstratea 7 
Is the freezing point of water a fixed Uiermometric point ? How low can 
water be cooled without freezing? Is the melting of ice, or the ireezing 
of water, the fixed thermometric point ? What connection has the latent 
heal; of water with t^e daration of the seasons ^ 
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surrounding bodieo before it solidifies ; in spring it mast 
receive the same amount before it will melt. This, there- 
fore, serves as a check upon sudden changes in the seasons. 
Having thus discussed the leading facts observed in the 
change from the solid to the liquid condition, let us now 
:um our attention to the second change of form, the pass- 
age from the liquid to the gaseous state. 

A technical distinction is made between a gas and a 
vapor; by the latter,^ we understand a gas which will 
readily take on the liquid form. 

Some of the leading peculiarities in the constitution of 
vapors may be exhibited by the following j^. m. 

experiment ; Take a glass tube, a a^ Fig. 
84, with a bulb, b, blown on its upper ex- 
tremity ; pour water into the bulb, filling 
the tube to within an inch or two of the 
end ; this vacant space fill with sulphuric 
ether; and now, closing the end of the tube 
with the finger, invert it in a glass of wa- 
ter, as is represented in the figure. The ether, being 
much lighter than water, at once rises to the upper part 
of the bulb, as is shown by the light space, the bulb being 
of course full of ether and water conjointly. 

On the application of a spirit lamp the ether vaporizes, 
and presses the water out of the bulb into the glass cup. 
Three important facts may now be established. 

1st. Vapors occupy more space than the liquids from 
which they arise. 

2d. They have not a misty or fog-like appearance, but 
are perfectly transparent. 

3a. When their temperature is reduced, ihey collapse 
to the liquid state. 

That the first of these observations is true, is at once 
seen on comparing the quantity of ether with the volume 
of vapor which has risen from it ; the ether occupying but 
a small space at the top of the bulb, the vapor fills it en- 
tirely. We perceive, moreover, that ethereal vapor doe» 
not possess that cloudy appearance which is popularly at- 
tached to the term vapor, but that it is as transparent as 

What is the distinction between a gas and a vftppr ? Describe tiie ex- 
periment represented in Fig. 24. What is the difference between a va- 
por and the liqaid which forms it> as to volmne T Have vapors necessari- 
ly a cloodv appearance 7 
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atmosplieric air. And, on removing the lamp, so tliat the 
temperature may fall, the liquid rushes up violently into 
the hulh, exhibiting the ready collapse of the ether vapor 
into the condition of a liquid. 

We have already proved that a large amount of heat 
becomes latent, constituting the caloric of elasticity of va 
pors. The temperature of steam is 212^, as is that of the 
water firom which it rises ; but it contains about 1000^ 
of latent heat, which gives to it its new form. Different 
vapors possess different quantities of latent heat ; thus, for 
ether the number is 1630, for alcohol 376^, and, as we 
have said, for water 1000^ ; that is enough, were it a 
solid, to make it visibly red hot in the daylight. 



LECTURE X. 

Vaporization. — Vapors form at aU Temperatures.--^ 
Form instantly in a Void, — Effects of removing Pres- 
sure, — Measure of Elastic Force of Vapors. — Cumula- 
tive Pressure, — Pailure of Marriotte^s Law. — Elasticity 
increases with 'Pemperaturc—^Maximum Density of Va- 
pors. 

Vaporization goes on at aU temperatures. It is not 
Fig.it5. necessary that the boiling point should be 
=fUU reached ; even ice will evaporate away. The 
thin films of this substance often seen incrust- 
ing glass windows may disappear without un- 
dergoing the intermediate process of fusion, 
and a mass of ice freely exposed to the air on 
a dry, frosty day, loses weight. Steam, there- 
fore, rises from water at all temperatures, but 
with more rapidity and a higher elastic force 
as the temperature is higher. 

In a vacuum vapors form instantaneously. 
If we take a barometer, a a, Fig. 25, an4 
pass into the Torricellian vacuum which ex 

On reduction of the temperature, what phenomenon do tiiey exhibit? 
How are these three facts proved 1 What is the amount of caloric of 
gasticity of steam ? Mention it also in the case of ether and alcohol 
S^ can it be proved that vaporization goes on at aU temperatures? 
^2*^'' i* *^^® effect vp^hich ensues when a vtiporizabie liquid is passed into 
* Torricellian va<mum ? 
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ists at its upper part, a small quantity of sulphuric ether, 
even befofe it has reached the Toid space, vaper forms, 
and the mercury is instantly depressed. Under ordinary 
circumstances, when the instrument, as at 5 ^, is standing 
at 30 inches, the column at once falls to 15 or 16, the 
space being now filled with the vapor of ether ; and if in 
succession other liquids are tried, me same general result 
is obtained — instantaneous vaporization ; but the amount 
of vapor set free is different in the different cases. 

Diminution of atmospheric pressure is, therefore, favor- 
able to vaporization, and were the pressure of the air en- 
tirely removed, there are many liquids which would as- 
sume a permanently aerial form. Let a, Fig. 26, be a 
flass bottle, into the neck of which a funnel, 
h, is ground air-tight ; the bottle is to be 
filled with quicksilver, except a small space 
at its upper part, which is occupied by sul- 
phuric ether. If this instrument be phu:ed 
Beneath the receiver of an air pump, as soon 
as exhaustion is made, the mercury will be 
seen rising into the funnel, and its place tak- 
en by the transparent vapor of ether. As 
long as the reduction of pressure continues, 
the ether keeps the gaseous form, but on re- < 
admitting the air, it returns to the liquid 
state. By increase of pressure, as well as by diminution 
of temperature, vapors may be reduced to the liquid con- 
dition. 

Though the law that vapors occupy more space than 
the liquids from which they come is of universal applica- 
tion, the increase of volume is by no means the sam^ in 
all cases. Under ordinary circumstances of pressure, a 
cubic inch of water at its boiling point produces nearly a 
cubic foot of steam, or 1696 cubic inches, more accurate- 
ly. The same quantity of alcohol produces 519 cubic 
inches, and of oil of turpentine 192 cubic inches. 

The elastic force exerted by vapors under certain lim- 
its can be measured by the apparatus given in Fig. 25, 
The theory of the process is very simple. The height at 




What substances exist commonly in the liquid state, in consequence of 
the pressure of the air? What is the effect of an increased pressure on 
vapors 1 Do all liquids expand equally in assuming the vaporous state ? 
How can the elastic force of vapors be measured by the barometer ? 
D 2 
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Fig.vn, 



which the barometer stands is determined by the pressure 
of the air. In the experiment there described, as long* aa 
there is nothing to counterbalance that pressure, the mer- 
cury is forced up by it in the tube to a height of 30 inch- 
es; but on introducing some ether, the vapor which 
forms, exerting an elastic force in the opposite direction, 
tends to push the mercury out of the tube. On the one 
hand, we have the pressure of the air ; on the other, the 
elastic force of the ethereal vapor ; they press in opposite 
directions, and the resulting altitude at which the mercury 
stands expresses, and, indeed, measures the elastic force 
of the vapor. Thus, at a temperature of eighty degrees, 
water will depress the mercurial column about 1 inch, al- 
cohol about 2 inches, and sulphuric ether about 20. These 
numbers, therefore, represent the elastic force of the va- 
pors evolved. 

In close vessels, from which there is no 
escape, or where the escape is greatly re- 
tarded, a constantly accumulating force is 
generated, when the temperature is raised. 
Thus, if we place some water in a flask, 
a. Fig, 27, into which a tube, 5 5, is in- 
serted air-tight by means of a cork, and 
bent in the form exhibited in the figure, 
and dipping nearly to the bottom of the 
flask ; on the application of a spirit lamp, 
the vapor generated, having no passage 
of escape, accumulates in the upper part of Uie flask, and, 
Fig. 28. , exerting its elastic force, presses the 

\ \ 1 / ' y liquid through the tube in a continu- 
..^ \ \\ / //^^"^ ous stream. The mechanical force 
which thus arises, when every avenue 
. of escape is stopped, is strikingly ex- 
hibited by the little glass bulbs called 
candle bombs; these are small glob- 
ules of glass, about as large as a pea, 
with a neck an inch long ; into the in- 
terior a drop of water is introduced, and the termination 
of the neck hermetically sealed by melting the glass. 
When one of these is stuck in the wick of a candle or 

What is the principle involved ? When water is heated in a vessel 
from Which the steam can not escape, what is ^e effect % How may this 
y •« iUastrated ? 
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amp, as in ¥ig, 28, the heat vaporizes a portion of the 
water, and there being no passage through which the steam 
can escape, the bnlb is burst to pieces with a loud explo- 
sion; a mechanical force which is wonderful when we 
consider the amount of water employed. It is a miniar 
ture representation of what takes place on the large scale 
in the bursting of high-pressure steam-boilers. 

Marriotte's law, the law which assigns the volume of 
. a gas under variations tif pressure, applies, under certain 
restrictions, to the case of vapors. A permanently elas- 
tic gas, when the pressure is doubled, contracts to one half 
of its former volume ; if the pressure be tripled, to one 
third, and so on, but not so with vapois; if, upon steam, 
as it rises firom water at 212^, any increase of pressure 
be exerted, this vapor at once loses its elastic form, and 
instantly condenses into water. But vapors, like atmo- 
spheric air, if the pressure upon them is diminished, fol- 
low Marriotte's law ; thus, if the pressure be reduced to 
one half, steam at once doubles its volume. For vapors, 
therefore, Marriotte's law holds for diminutions of press- 
ure, but in other instances, when the pressures are in- 
creased, it apparently fails, the vapors relapsing into the 
liquid form. 

That the elasticity of a vapor increases vidth its temper- 
ature, may be readily proved by taking a tube one fvi^.sg. 
third of an inch in diameter and 12 inches long, 
closed at one end and open at the other, a a. Fig. 29, 
ynlh ajar, b, an inch or more in diameter and 12 
inches deep. Let the tube be filled with quicksil- 
ver, so as to leave a space of half an inch, into which 
ether may be poured ; invert the tube in the deep 
jar, also containing quicksilver; the ether of course 
rises to the upper closed extrenrity. If now the 
tube be lifted in the jar as high as possible without 
admitting external air, a certain portion of the ether 
will vaporize, and, depressing the quicksilver, its elastic 
force may be measured by the length of the resulting 
column. If now the end of the tube be grasped in the 
hand, or if it be slightly warmed by the application of a 

What is Mamotte's law ? Does it apply in the case of vapors under a 
diminntion of pressure ? Does it apply under an increase 7 What rela- 
tion is there between elasticity and temperature 7 How can the increage 
of elafftifi foirp under these drenmstances be shown ^ 
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lamp, the mercurial column is at once depreflsed, proving 
that the elastic force of the vapor ia increaaing. As socm 
as the tube is warmed to the boilin? point of the etber, 
the column of mercury is depressed exactly to the level 
on the outside of the tube. At this point, therefore, k bal- 
ances, or is equal to the pressure of the air. 

Now let the tube be depressed in the jar ; it will be 
seep with what facility the vapor reassumes the liquid 
condition. As the tube descends, the vapor condenses, 
and the mercury keeps constantly at the same level. 

Under these' circumstances, it follows that the vapor 
is at its maximum density. We can not increase that 
density by bringing pressure to bear upon it by depress- 
ing the tube, for the moment the attempt is made the 
vapor liquefies. 



LECTXJRE XI. 

EstnLLiTiON. — T%eory of Bailing. — £» Papin'^s Digester 
Water never Baih.-^Insiantaneous Condensation of Va- 
pors. — Effect of Variations of Pressure. — Effect of Na- 
ture of the Vessel. — Boiling on Mountains. — Effect of 
Red-hot Surfaces. 

By introducing different liquids into a tube, ar^nged 
as that represented in Fig, 29, we can prove that the ob- 
servation holds good in every case, that, as soon as die 
boiling point of a liquid is reached, the elastic force of the 
vapor rising from it is equal to the pressure of the air. 

We have said that at a temperature of 80^ the vapor of 
water will depress the mercurial column of a barometei 
about one inch, but if the temperature be raised to 212^ 
the mercury is at once depressed to the level in the cistern; 
at that temperature, therefore, the elastic force of the 
vapor is equal to the pressure of the air. 

Upon these principles, the phenomena of boiling oi 
ebullition we easily explained. When the temperature 
of a liquid is raised sufficiently high, vapor is rapidly gen- 

At tihe boiling point of a liquid, what is the elastic force of its vapoi 
equal to ? What is meant by the maxixnum density of a vapor ? How 
can it be shown that vapors thns in a Torricellian void are at the maxi 
mam density ? At the boiling point of water, what is the elastic force of 
its steeutn ? Bzptain the phenome&a of boiling. 
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erated from those portions of the mass which are hottest, 
and the violent motion characterized by the term "boiling" 
is the result. This is due to tBb fact that the elastic force 
of the generated vapor at that point is equal to the at- 
mospheric pressure, and the vapor bubbles expanding, 
can maintain themselves in the liquid without being crush-* 
ed in; they rise to the surface, and there burst. But, 
just before ebullition takes place, a singing sound is often 
heard, due to the partial formation of bubbles, which, so 
long as they are in the neighborhood of the hottest part, 
have elasticity enough to maintain their form; but the 
moment they attempt to rise through the cooler portion of 
the liquid just above, their elasticity is diminished by 
their decline of temperature, and the atmospheric pressure 
crushing them in, diey resume the liquid condition ; for 
a few moments, tlierefore, while the vapor has not gath- 
ered elastic force enough to maintain its condition per- 
fectly, these bubbles are transiently formed and disappear, 
and the liquid is thrown into a vibratory movement which 
gives rise to the singing sound. 

Water, when heated in a vessel from which the steam 
can not escape, never boils. This takes place in the inte- 
rior of Papin's digester, which is a strong metallic vessel, 
in which water is enclosed, and the orifice through which 
it was introduced fastened up. As the steam can not es- 
cape, the water can not boil, no matter what the tempera- 
ture may be. But the vapor which accumulates in the in- 
terior of the vessel exerts an enormous pressure. It is 
under the same conditions as were considered in the case 
of the candle bombs. Papin's digest- 
er is used to effect the solution of bod- 
ies by water which are not acted on 
readily by that liquid at its common 
boiling point. 

As a vapor, rising from a vaporizing 
liquid, will bear no increase of press- i 
ure, so neither will it bear any reduc- 
tion of temperature without instanta- 
neoQsly condensing. This may be 
f tcikingly shown by an - arrangement 

What is the cause of the singing sound? Why does water heated in 
a close vessel never boil? Describe Papin's digester. What is its uset 
Can the steam of boiling water be cooled witilioat condensation ? 
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0uch as 18 represented in Fig* 30. Into the mouth of a 
flask, a, let there be fitted a tube, b, half an inch in diam* 
eter, and bent, as shown in the figure. Having introduced 
a little water into the flask, cause it to boil rapidly bjthe 
application of a spirit lamp : the steam which forms soon 
drives out the atmospheric air from the flask and the 
tube, and when this is entirely completed, and the vapor 
issuing abundantly from the mouth of the tube, plunee 
the end of the tube beneath some cold water contained m 
the jar, c, and take away the lamp. As soon as this is 
done, die cold water, condensing the steam in the tube, 
rises to occupy its place ; and presently passing over the 
bend, introduces itself with surprising violence into the 
interior of the flask, filling it entirely &11, or, which more 
commonly takes place, breaking it to pieces with the force 
of the shock. The low-pressure steam-engine depends on 
this fact of the rapid condensibility of vapor, the high- 
pressure engine on its elastic force. 

Fig.ti, The principle involved in the action of 

the low-pressure engine, and more espe- 
cially that form of it which was the inven- 
tion of Newcomen, is well illustrated by 
the instrument represented in Pig* 31. It 
consists of a glass tube, blown into a bulb "^ 
at its lower extremity. In the bulb some 
water is placed, and a piston slides, with- 
out leakage, in the tube. On holding the 
bulb in the flame of a spirit lamp, steam is 
generated, and the piston forced upward. 
On dipping it into a basin of cold water, 
the steam condenses and the piston is de- 
pressed ; and this action may be repeated 
at pleasure. 

As the pressure of the atmosphere determines the boil-, 
ing point of a liquid, and as that pressure is variable, the 
b->iling point is not a fixed, but a variable points There 
are many experiments which might be introduced as proofs 
of this fact. If a glass of warm water be placed beneath 
the receiver of an air pump, as in Fig. 32, when the 

G-ive an example of the rapidity of its ooodenaation. On what proper 
ty of vapor does the low-pressure steam-engine depend ? On what, tfa« 
iugb-pressore ? How may it be proved that the bouing point depends oi 
tepressore? 
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rarefaction has reached a certain point, ebul- Fig, as. 
lition sets in, and the water continues to boil 
at a Ipwer temperature as the exhaustion is 
more perfect. In a vacuum, water can be 
made to boil at 67^. 

On this principle, that the boiling point de- 
pends on the existing pressure, we give an 
explanation of a curious experiment, in 
which ebullition is apparently brought about 
by the application of cold : Take a Flor- 
ence flask, a, Fig. 33, and, having filled 
it half full of water, cause the water to 
boil violently, so as to expel all the atmos- 
pheric air; introduce a cork which will fit 
the mouth of the flask air-tight, a mo- 
ment afl:er it is moved from the lamp, and before any 
atmospheric air has been introduced. If the flask be 
now dipped into a jar, b, of cold water, its water be- 
gins to boU, and will continue to do so until its tempera- 
ture is reduced quite low. The cause of this phenomenon 
is due to the fact, that the cold water condenses the steam 
in the flask, and a partial vacuum is the result. In this 
partial vacuum the water boils, as in the experiment il- 
lustrated by Fig, 32 ; and the steam, as fast as it is gen- 
erated, is condensed by the cold sides of the flask. 

Besides this variation of the boiling point under varia- 
tion of pressure, the natiure of the vessel in which the pro- 
cess, is carried forward exerts a certain action ; thus, m a 
polished glass vessel the boiling point is 214^, but in a 
rough metal vessel it is 212^. 

Some travellers report, that in certain mountainous re- 
gions meat can not be cooked by the ordinary process of 
boiling. As we ascend to elevated regions in the air, the 
atmospheric pressure becomes less, because the column 
of air above is shorter, and therefore there is less air to 
press. Under such circumstances, the boiling point of 
water of course descends, and may possibly become so 
low as to be unable to bring about the specific change re- 
quired in the cooking of meat. An ascent through 530 

At what temperature will water boil in vacuo 1 Explain the procesi 
by which warm water may be made to boil by the application of cold? 
How does ttie nature of the veisel affect the boiling pomt? Why ii it 
probabU that meat can not be cooked on high mountains 7 
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feet lowers the boiling point one degree. Upon this prin- 
ciple we can determine the altitude of accessible eleva- 
tions, by determining the thermometric point at which 
water boils upon them. A peculiar thermometer, called 
the hypsometer, has been invented for this purpose. 

When a drop of water is placed on a red-hot polished 
surface of platmum, it does not, as might be expected^ 
commence to boil rapidly, but remains perfectly quiescent, 
gathering itself up into a globule. If the platinum be 
now allowed to cool, as soon as its temperature bas reach- 
ed a point at which it ceases to be visibly hot, the drop 
of water is suddenly dissipated in a burst of steam. 
The explanation given of this phenomenon is, that at the 
high temperature the drop is not fairly in contact with the 
red-hot surface, but a stratum of steam intervenes ; this, 
being a bad conductor, preveiits ebullition from occurring, 
but as soon as the temperature dedines, and this steam 
no longer props up the drop, an explosive ebullition en- 
sues, because of the contact which has taken place. 



LECTURE XII. 

Vaporization. — The Boiling Point rises toith the Press- 
ure, — Rdation between sensible and insensible Heat^ • 
The CryophoT'us, — Leslie's Process for freezing Water. 
— Variability of Moisture in the Air, — Hygrometers,"^ 
Method of the I)ew Point, 

Under an increase of pressure, the boiling point rises, 
and the elastic force of the steam evolved becomes corre- 
spondingly greater. As we have seen, the elastic force of 
steam from water boiling at 212^ is equal to. the press- 
ure of .one atmosphere ; but if the pressure be doubled, 
the boiling point rises to 250^ ; if quadrupled, to 294^ ; 
and under a pressure of fiifly atmospheres, it is more than 
500O. 

How high nmst we ascena to brine the boiling point to 211° ? How 
may the altitude of mountaiiwi be determined by the thermometer? 
What are the phenomena exhibited by water in contact wiA red-hot 
platinum? What is the supposed explanation? How is th« boiling 
point afi«ct«d by an inereased pressure ? 



LATBNT HEAT OF VAPORS. 
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These results may be established by the *^- •*• 
aid of the boiler, represented in Fig. 34 , 
a. It is a globular vessel of brass, and is 
about three inches in diameter. In its up- 
per part are three perforations, into one of 
which the stop-cock, b^ is screwed \ through 
the second a tube, c, is inserted , deep enough 
to reach nearly to the bottom of the boiler; 
and through the third a thermometer, d, is 
introduced. Some quicksilver is poured 
in, sufficient to cover the end of the tube, 
c, half an inch or more deep, and upon it 
water is poured, the bulb of the thermometer beiuj? im- 
mersed in it. The stop-cock, h, being open, a spirit lamp 
is applied to bring the water to its boihng point, and as 
the steam can freely pass out, this of course takes place 
at 212°. On closing the stop-cock, the steam can no lon- 
ger escape, but exerting its elastic force on the surface of 
the boilmg liquid, presses the mercury up in the tube, c. 
The altitude of the mercurial column measures the amount 
of this pressure, and the thermometer indicates the corre- 
sponding change in the boiling point: as soon as the press- 
ure is equal to two atmospheres, the thermometer will 
be found to have risen to 250°. 

It is immaterial at what temperature vaporization is 
carried on, a very large amount of heat must always be 
rendered latent ; and, in point of fact, vapors generated at 
a low temperature contain more latent heat than those 
generated at a high one. The relation which exists in 
the amount of heat rendered latent at different tempera- 
tures is very simple. The sum of the insensible and 
sensible heat is always the same ; thus, water boiling at 
212° absorbs 1000° of latent heat, the sum of the two 
quantities being of course 1212° ; but vapor rising from 
water at 32° contains of latent heat 1180° ; here, again, 
the sum of the two quantities is 1213° ; and the same ob 
servation holds for intermediate temperatures. 

When vapors return to the liquid condition, the heat 
which has been latent in them reassumes the sensible 



Deicribe the boiler, Fig. 34, and its use. Do '^^appra generated at low 
or bij^ ten^ratores contain most latent heat ? What relation is there 
between the insensible and sensible heats of vapors at different tempera 
tares ? When a Tspor condenses, what becomes of its latent heat '^ 

E 
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form. Tbey may thus be regarded as containing « grdat 
store of caloric, of the effecta of which many natural phe- 
n )raena furnish uTwith striking examples. Thus, there 
is a remarkable difference between the climate of the 
eastern coast of America and the opposite European 
coasts in the same latitude, and this arises from the action 
of the Gulf Stream, a great stream of warm wat^-, which, 
issuing from the Gulf of Mexico, and passing the Atlantic 
States, stretches across toward the European Continent. 
The vapors which arise from it give forth their latent beat 
to the air, and the southwest vrinds, which are therefore 
damp and warm, moderate the climates of those coun^ 
tries. 

The cryophorus, or frost bearer, an instrument invent- 
Fig, 35 ®" ^y ^^' Wollaston, in which water may be 
\ frozen by the cold produced by its own evapo- 
nh ration, depends for its action on the laws re- 
lating to latent heat. It is represented in FSg. 
35, and consists of a bent tube, c, half an inch 
or more in diameter, with a bulb, a and ^, at 
each of its extremities ; the upper bulb, b, is 
filled one third with water, and the rest of 
the space, vrith the tube, c, and the other bulb, 
a, is free from atmospheric air, and occupied by 
the vapor of water only. If, now, the bulb a be 
immersed in a freezing mixture of nitric acid and snow, 
although the tube, c, may be of considerable length, the 
water in the distant bulb, b, presently freezes ; hence the 
name of the instrument, frost bearer, because cold applied 
at one point produces a freezing effect at another, which 
is at a considerable distance. The action of the instrument 
is simple : in the cold bulb, a, which is in contact vrith 
the freezing mixture, the vapor is condensed; fresh quan- 
tities rise with rapidity from the water in the other bulb, 
to be in their turn condensed ; a continual condensation, 
therefore, goes on in a, and a continual evaporation in b, 
but the vapor thus formed in b must have caloric of elas- 
ticity ; it obtains it from the water from which it is risiner, 
the temperature of which therefore descends until solidi- 
fication takes place. 

What effect has the Gulf Stream on the climate of Etixxjpe ? Bxplain 
&e canse of it. Describe the cryaphoms. What is the reason that oc^d 
ai>plied to one bolb freezes water m the other ? 
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Leslie's process fi>r freezing water in vacuo by its own 
evaporation is an example of the same kind. If some 
water in a watch-glass is placed in an exhausted receiver, 
with a large surface of sulphuric acid, as fast as vapoi 
rises it is condensed by the acid; a rsmid j^. m^ 

evaporation of the water therefore takes 
place, the temperature falls, and congela- 
tion finally ensues. In Fig. 36 this ap- 
paratus is represented : a is the watch- 
glass contaimng water, b a wide dish 
filled with sulphuric acid, and c a low bell jar in which 
the exhaustion is made. 

A drop of prussic acid held in the air on the tip of a rod 
solidifies, the portion that evaporates obtaining its latent 
heat from the portion left behind, and on the same prin- 
ciple liquid carbonic acid can also be solidified. 

The amount of watery vapor contained in the air is 
very variable. Many common facts prove this : the swell- 
ing of wooden furniture takes place in consequence of 
damp weather ; and the opposite effect, or its shrinkingy 
occurs during dry. Severd instruments have been invent- 
ed to determine what the amount is at any time; they 
are called hygrometers. In one of these, the relative damp- 
ness or dryness of the atmosphere is determined by the 
stretching or contracting of a hair, which is very sensitive 
to such changes. A general idea of such an instrument 
may be obtained by considering the metallic bar of the 
pyrometer. Fig, 15, to be replaced by a hair, the move- 
ments of which would of course be communicated to the 
index ; in another a slip of whalebone is used instead of 
the hair. There is a simple and ingenious instrument, 
the movements of which depend on these principles ; it is 
represented in jF%. 37 : a thin slip ^ 87 

of pine wood, a a, cut across the ^^^^^___^^« 
gram, a foot long and an inch wide, ^^H^HHHHpiL 
has inserted into its comers four 
needles, all pointing in one direction backward ; if this 
instrument be set upon a floor or flat table, in the course 
of time it will crawl a considerable distance. During dry 

Describe Leslie's pnScess for freezing water in vacuo 7 WTiy does a 
drop of prassic acid held in the air solidify ? How can it be proved that 
tiie amoant of moisture in the air is variable ? What is the hygrpmeter ? 
Describe the hair hygrometer. Describe the instroment, Fig. 37. 
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weather the thin board contracts, and the two fore tegs 
taking hold of the table, the hind ones are drawn up a 
little space ; when the weather turns damp, the board ex- 
pands, and now the hind legs pressing against the table, 
cause the fore ones to advance. Every change from dry 
to damp, or the^ reverse, produces a walking motion in a 
continuous direction, and tbe distance passed over is a 
register of the sum total of these changes. 

But of all these hygrometric methods, the procesa 
known as " the determination of the dew point" is by far 
the most philosophical. This method consists in cooling 
the air until it begins to deposit moisture. When there is 
much moisture in the air, it obviously requires but a slight 
diminution of temperature to cause a portion of the vapor 
to deposit as a dew ; but when the air is dryer, the cool- 
ing must be carried to a greater extent. The precise 
thermometric point at which the moisture begins to de- 
posit is called the dew point. 

Thus, if we take a thin metallic vessel containing water, 
and cool it gradually by the addition of a mixture of 
nitrate of potash and sal ammoniac, or any of the cooling 
mixtures, continually stirring with the bulb of a small 
thermometer, as soon as the temperature has reached a 

certain point a dew is 
deposited on the outside 
of the metallic vessel ; 
that temperature is the 
dew point for the time 
being. Knowing the tem- 
perature of the air, the 
dew point, and the baro- 
metric pressure, the abso- 
lute amount of vapor can 
be determined by a sim- 
ple calculation. 

Danieirs hygrometer 
affords a ready and beau- 
tiful method of determin- 
ing the dew point « It 
consists of a cryophorus, 
a c b, Fig, 38, the bulb 

What is meant by the " dew point V* XVTiat is the procesa for aic«i> 
taininji; it ? Describe Daniell 'a bygiometer and the mode of naing it 
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b being made of black glass, and a covered over with 
muslin. The bulb b contains ether instead of water, and 
into it there dips a very delicate thermometer, d. Usually, 
another thermometer is affixed to the stand of the instru- 
ment. When a little. ether is poured on a, by its evapo- 
ration it cools that bulb, and ether distils over from &, 
which, of course, also becomes cold. After a time, the 
temperature 6i b sinks to the dew point, and that bulb 
becomes covered with a mist. The uiermometer, d, then 
shows at what temperature this takes place, and of course 
gives the dew point. 



LECTURE XIII. 

Evaporation and Interstitial Radiation. — Methods 
of Gay'Lussac and Dumas Jar ascertaimf^ the Specific 
Crramty <^ Vapors, — Phenomena of Evaporation^'^ 
Control of Temperature. — Effect of Dryness^ StiUness, 
I^ressure, and Sur/hce. — Evaporation a (JooUng Pro* 
cess, — Conduction of Solids. --^Difference among different 
Meifils. — BMftrford^s Experiments, 

The specific gravity of vapors may be de- Fig.30. 
termined in several ws^s. The following is 
the method of Gay-Lussac : A graduated jar, 
a, is inverted in a basin of mercury, c, which 
rests upon a small furnace. A glass bulb is to 
be filled quite full with the liquid under ex- 
amination, and the quantity introduced is accu- 
rately weighed* The bulb is now slipped into 
the jar, a, and rises to its top. A cyhnder, b, 
open at both ends, but the lower pressed down 
into the mercury, is next placed round a, and 
the interval filled with clear oil. The furnace 
is now lighted ; the oil and the mercury be- 
come warm ; the bulb at last bursts, and, as its 
vapor depresses the mercury in the graduated jar, its vol- 
ume may be determined. Thus, knowing the weight of 
the liquid, the volume of its vapor, and die temperature 

DeBcribe Qt^-IiOBiac's method of detennixang Hiq Bpecific gravity of t 
vapor. 

E 2 
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of the oil, we can easily calculate the volume at 32^, and 
from that deduce the specific gravity. 
The method of Dumas consists in weighing a glass globe 
Fig. 40. filled with the 

vapor to be 
tried. A por- 
tion of the sub- 
stance is to be 
introduced in- 
to the fflobe, 
rthe wei^t of 
which is ^rst 
determined, 
and this is then 
held, as shown 
in the figure, in 
a bath of fiisi- 
ble metal pla- 
ced over a small furnace. The heat of the melted metal 
vaporizes the substance, drives out the air, and occupies 
the whole cavity in a state of purity. When no more 
vapor escapes from the end of the tube it is sealed by the 
blow-pipe, and the temperature of the bath ascertained. 
The globe is now to be carefully weighed, when cold, a 
second time, and the point of the tube is then broken un- 
der quicksilver, which rises and fills it completely, and 
this being subsequently emptied into a graduated jar, the 
volume of the globe is ascertained. Knowing the vol- 
ume of the globe, we know the weight of the air it con- 
tains, and this, subtracted from the first weight, is the 
weight of the glass when empty. Subtracting this again 
from the second weighing, gives us the weight of the va- 
por, and as the air and the vapor occupied the same vol- 
ume, their densities are as their weights. But, as their 
temperature was different, a farther calculation is required 
to bring them to the same standard. 

There are several conditions which exert a control 
over the rapidity of evaporation. The amount of vapor 
which can exist in a given space depends entirely on the 
temperature. Thus Sie air mcluded in a glass jar whieh 
is standing over water contains, at 32°, a certain quantity 

Describe the method of Damas.- What is it that regulates the quantity 
of vapor in a given space ? 
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of trapor ; but if the temperature rises to 60^, it contains 
more, and still more if it rises to 90<^. Should the tem- 
perature deseend, a part of the vapor is deposited as a 
tnist. The quantity that remains in suspension is determ- 
ined by the temperature alone. 

It is the application of this principle which constitutes 
the most beautiful part of Watts's great invention, the 
low-pressure steam-engine. Taking advantage of the 
&ct that the quantity of vapor which can exist in a given 
space is determined by the lowness of temperature of any 
portion of it, he arranged a vessel, maintained uniformly 
at a low temperature, in connection with the cylinder of 
the engine, and thus reached the apparently paradoxical 
result of condensing the steam without coding the cyl- 
inder. 

Among other causes exerting a control over evapora- 
tion in the air is the dry or damp state of that medium. 
As is well known, evaporation goes on with rapidity when 
the weather is dry, and is greatly retarded when the 
weather is damp. So, too, a movement or current ex^ts 
a great effect. When the wind is blowing, water will 
evaporate much more quickly than when ^e air is quite 
calm ; this obviously depends on a constant renewal of 
surfaces, so that as fast as one portion of air becomes 
moist it is removed, and a dryer portion takes its place. 
Extent of surface opprates in the same way ; the same 
quantity of water will evaporate much more rapidly if 
exposed in a plate than if exposed in a cup. Pressure 
also exerts a great control ; for, as we have seen, evap- 
oration takes place instantaneously in a vacuum. 

While, therefore, there are several circumstances which 
can controlthe rate of evaporation, it is temperature alone 
which regulates the absolute and final amount. As we 
have just seen, a fixed quantity of vapor can exist in a 
certain space at a given temperature ; - and it matters not 
whether that space is full of atmospheric air or is a vacu- 
um, the absolute quantity will be precisely the same. 

At one time it was supposed that evaporation was due 
to a solvent power in the air-^-a kind of attraction be- 
tween that medium and the w ater with which it is in con - 

On what principle does the steam-engine condenser depend? What 
effect have dryness oi* dampness over evaporation ? What is the effect 
of a current? What of extent of smfiwe? What of pressure ? What 
J[ teixiperatare ? 



Fig. 41, 
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tact ; but it is clear that such an opinion is wholly untena 
ble, fbr the process goes forward with the greatest rapid- 
ity in a vacuum^ when the air is totally removed. 

Although the evaporation of liquids, such aa water, wifi 
take place at very low temperatures, there is reason to be- 
lieve that the process has a limit; thus, a minute quantity 
of vapor will rise from quicksilver at a temperature of 
60°, but at 40^ not a trace can be discovered. 

All processes of evaporation are cooling processes, be- 
cause the vapor developed requires latent heat to give it 
the elastic form. For this reason, when any vaporizable 
liquid) as ether, is poured on the bulb of €ui air diermom- 
eter, or on the hand, cold is produced. 

Fig. 41. The pulse glass is an instru- 

ment which may serve as an 
illustration : it consists of a 
glass tube, bent twice at right 
angles, and terminated by 
bulbs, as in Pig. 41. It is partially filled with spirit of 
wine, the rest being occupied by the vapor of that sub- 
stance. On grasping one of the bulbs in the hand, the 
warmth is si^cient to boil the liquid ; and as it distills 
over into the other bulb, an impression of cold is felt. 

We now come to the consideration of the mode by 
which heat is transmitted through bodies, or interstitial 
radiation, called by many writers conduction ; a term in- 
volving the idea that the particles of bodies are in actual 
contact, whereas it has been abundantly proved that they 
are separated from each other by interstices. The pass- 
age of the heat across these spaces is what is meant by in- 
terstitial radiation. From the currency which it has ob- 
tained, and the convenience of the expression, I shall con- 
tinue to use the word conduction. 

Different solids conduct heat with different degrees of 
facility. If we take a cylindrical taass of metal, and hold 
tightly against its surface a piece of white writing paper, 
the paper may be placed in the flame of a spirit lamp for 
a considerable time without scorching ; but if we tsike a 
cylindrical piece of wood of the same dimensions, and, 

^ Does evaporation arise from a solvent power in, the air ? Is there any 
limit to evaporation? Why are processes of evaporation cooling pto- 
cesses 7 Describe the palse glass. What is interstitial radiation ? What 
is condnction? How may it be proved that wood and met&lis conduct 
witti difiWrsnt degrees of facility? 
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wrapping the paper rousd it, expose it to the flame, it 
rapidly scorches. The metal, therefore, keeps the paper 
cool by carrying off its heat, but the wood, being a bad 
conductor, suffers the paper to bum. 

By the aid of the apparatus of Ingenhouse, Fig, 42, the 
same fact may be proved in a more gea- ^ ^ 

eral way. It consists of a trough of bra«8, 
six inches or more long, three wide, and 
three deep ; from the front of it project 
cylinders of metallic and other substances . . . ■ . . , 
of the same length and character ; they i 1 I • ^ I I 
may be of silver, copper, brass, iron, porcelain, wood, ke*f 
in succession; the surface of each cylinder is smeared 
with bees' wax. On pouring bcnling water into the trough^ 
the heat passes along these cylinders with a rapidity cor- 
responding to their conducting power, and the wax cor- 
respondingly melts. On the suver bar the wax melts 
most rapidly, and on the wood most slowly : on the others 
intermediately ; thus affording a clear proof that different 
solids conduct heat with different degrees of facility. 

Even among metallic substances, great differences in 
this respect exist, as may be strikingly 
shown by the instrument, Fig, 43. Into 
a solid ball of copper, a, three wires of 
eqjial length and equal diameter are 
screwed — they may be copper, brass, and 
iron, respectively : they are flattened at 
their farther extremities, 5, c, ^, so as to af- 
ford a place on which pieces of phosphor (Wfe) 
rus may be put. A ligjiied spirit lamp is — 
now set beneath the central ball, the temperature of which 
soon rises, and the heat passes with different degrees of 
speed along the metals; very soon the piece of phosphorus 
at the end of the copper takes fire ; then, some time after, 
follows that on the brass ; and last, that on the iron ; en- 
abling us to prove to persons at a distance the fact that 
these different metals conduct heat with different degreea 
of facility. 

If a piece of wire gauze be held over the flame of a candle 
or gas jet, Fig. 44, the flame fails to pass through ;* but the 

Describe the apparfttas of Ingex^onse ? What doei it prove f Are 
there differences in the conducting powers of metals t How may that be 
pKJved'^ r 
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gaseous matter of which the flame consists 
freely escapes through ^e meshes of the 
gauze, for it may be set oa Bre, as shown in 
the figure. Flame is gaseous matter, or 
solid matter in a state of excessive sub- 
division, temporarily suspended in gas, 
brought to a very high temperature. It 
can not, therefore, pass through a piece of 
wire gauze, because the metallic threads, 
exerting a liigh conducting power, ab- 
stract its heat from the incandescent gas, 
and bring its temperature down to a point at which it ceas- 
es to be luminous. The safety-lamp of Davy is an appli 
cation of this principle ; by it combustion is prevent- 
Fig.A5. ©d from spreading through masses of explo- 
sive gas, by calling into action the conduct- 
ing power of a metallic gauze, with which the 
lamp flame is surrounded, as in Pig. 45. The 
safety-tube of Hemmings, used to prevent ex- 
plosions in the oxyhydrogen blow-pipe, acts on 
the same principle. 

Count Rumford made several experiments to 
determine the conducting power of those vari- 
ous materials which are used for the purpose of 
clothing. He placed the bulb of a thermometer 
in the center of a spherical glass globe of lar- 
I ger diameter, and filled the interspace with the 
substances to be tried. Having immersed the 
apparatus in boiling water until it was at 212^, 
he transferred it to mehteg snow, and ascertain- 
ed how long it took to fall a given number of degrees. 
Linen and cotton were found to be better conductors 
than wool and the various furs, and hence the reason that 
they are preferred as articles of summer clothing ; but 
he also found that much depended on the ti^tness 
witil which the substances were packed, for the conduct- 
ing power apparently rose when they were closely com- 
pressed. These bodies act, therefore, as will hereafter 




Can the^jflame of a candle pass throagh a piece of wire gauze ? What 
is the reaibn of this 1 What is the construction and princinle of Dary's 
safety-lamp ? On what method did Rumford proceed to determine Uie 
conducting power ef clothing? What was the eflPect of compression? 
How ard^hese results connected with the non-conductiDg power of air 7 
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be more distinctly seen, not so much by their own badly- 
conducting power, as by calling into action the non-con- 
ducting quality of atmospheric air. 



LECTUEE XIV. 

CoNDXTcrroN. — Conduction of Liquids, — Transference of 
Heat hy Circulation. — Conduction of Gases, — Conduct 
ing Power of Clothing. 

The conducting power of most liquids, such Fig. 4A. 
as water, is very low; a thin stratum is sufficient 
almost entirely to cut off the passage of heat. 
This- may be shown by an apparatus such as Fig. 1 
46, consisting of a jar, a^ nearly filled with water, 
with an air thermometer included in such a man- 
ner that the bulb, h, is within a short distance of 
the surface, a depth of a quarter of an inch or 
less intervening. The tube of the thermometer 
may be passed through the lower mouth of the 
jar, c, water-tight by means of a cork, and the position 
at which the index-liquid stands having been marked, 
some ether is poured on the surface of the water, upon 
winch it readily floats, and then set on fire. A very volu- 
minous flame is the result, and a great deal of heat is 
evolved ; and« since the bulb of the thermometer is appa- 
rently separated from the burning ether by a thin film of 
water only, if the heat traversed that film the thermome- 
ter should rapidly move ; but the experiment proves it 
does not; and we therefore conclude that water is a 
very bad conductor of caloric. 

While this conclusion is true, a little consideration will 
show that this experiment presents the facts in a very de- 
ceptive way ; and though, from its imposing character, it 
is generally relied on as a complete proof, yet were wa- 
ter a much better conductor than what it actually is, the 
same results would be obtained. All flames, as we shall 
hereafter see, are hollow ; they are merely incandescent 
on the surface. A great distance, in reality, intervenes be- 



How does the condtictinff power of liquids compare with that of solids ? 
low may water be Vlj/fjOhP a bad con" * '™^-*- -'— *^ J- 

comstannrx; nrn thers s^hifl'Qxperimeiit 1 
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tween the thermometer bulb and the points of high tem« 
peratore, and in addition, the ether is rapidly evaporating 
away to feed the flame, and all evaporations are cooling 
processes. 

To a certain extent, all liquids conduct heat : . thus, mer- 
cury is a very good conductor ; but in those liquids of 
which water is the type the dissemination of heat is chief- 
ly determined by the mobility of their particles, a process 
which passes under the name of convection or circulation. 
B%g. 47. The apparatus, Fig, 47, illustrates the na- 

ture of this process ; it consists of a wide 
tube into which water may be pjoured ; the 
slower portion, as high bs a, being colored 
S If blue by the addition of some coloring sub- 

stance, the intennediate portion, irom a to 6, 
being colorless, and the upper portion, from 
b to c, being tinged yellow. Now, by the 
application of a red-hot iron ring, d, of such 
a diameter that it can surround the jar, a 
space of an inch or more intervening all 
round, the upper, yellow portion may be 
made even to boil : it shows no disposition 
to intermix with the portions beneath. But if the red- 
hot ring is lowered down so as to surround the blue por- 
tion, as it becomes warm it will be found to ascend, finft 
through the colorless stratum, and finally through that 
tinged yellow, on the top. When the lower portion of a 
liquid is warmed, currents are established, which, rising 
through the strata above, bring about a rapid dissemina- 
tion cf the heat. j 
^^ 4g This may also be shown by taking a jar, Fig. 
48, a, and filling it with water, rendered a 
little more dense by some sulphate of soda, so 
as to bring its specific gravity near that of some 
pieces of amber thrown into it. If a lamp now 
be applied to the bottom of the jar, currents 
are established in the water, rising up the cen- 
ter and descending down the sides of die li-^ 
quid ; and in this manner, new portions con- 
stantly presenting themselves on the surface 

Bo liquids coadact heat at all ? What are the relatioQS of mercuiy iq 
this respect ? By what process does the dissemteation of heat in a liquid 
take place 7 Describe the experiment reprise!^ in Fif. 47. De|Knba 
that r«prMonted by Fig. 48. 
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exposed to the flame, the whole mass becomes iiiiifi>rm]y 
hot. 

The caofle of this movement is due to the fact that 
when water is heated it expands. Those portions, there- 
fore, which rest on the bottom of the ressel, and to which 
the heat is applied, as soon as they become warm, dilate, 
and, being lighter than before, rise to the top of the liquid, 
while colder, and therefore heayier ones, occupy Iheir 
place. 

If we take a jar of water, Fig, 49, and hay- Fig.4» 
ing introduced through apertures near the top 
and the bottom the thermometers a h, and into 
a brass trough, c, which surrounds the middle 
of the jar water-tight, pour boiling water, after 
a little time has elapsed we shall find that the 
tipper thermometer has risen, but the lower 
one remains perfectly stationary. The Cause 
is, that through aU those portions which are above the place 
at which the heat is applied, that is, the middle of the ves- 
sel, currents are made to circulate, but in all those be- 
neath no currents are established. 

When, therefore, heat is applied to the surface of wa- 
ter, it is not propagated downward; when it is applied to 
the middle of a vessel containing that liquid, all the por- 
tions above become hot, but all those below remain cold ; 
and when it is applied to the bottom of the vessel, the 
whole mass soon becomes uniformly warm. 

In the vegetable world, advantage i^ ts^en of the non- 
conducting power of water in a very beautiful way. Soon 
after sunset, die leaves and other delicate parts of plants 
become covered with little drops of dew, which invest 
them on all sides. Under these circumstances the pro- 
cess of convection, or the establishment of currents, is en- 
tirely cut off, for each of the drops is isolated, or has no 
communication with those around. The cold air does not 
so suddenly affect these delicate organs as it would do 
were not this thin non-eonducting film spread over them; 
their action is, therefore, less liable to be deranged. 

Recent accurate experiments show that all liquids con- 

. ^' • 

What is the trae cause of these circulatory movements 1 How can it be 
prored that the wann water floats on the surface of that which is cold T 
What is the effect of applying heat to the top, to the middle, and to th« 
bottom of a vessel containmg water ? What advantage is taken in tfa« 
vaKetable world of the non-conducting power of water ? 
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duct to a certain extent, though in many instances to a far 
less extent than what we see in the case of solid bodies 
Among different liquids, difference in conducting power 
has also been discovered. 

If the conducting power of liquids is small, that of gas- 
eous bodies is still less perceptible. In these, as in li- 
quids, the mobility of the particles is so great that heat is 
Fig. 60. readily diffused through them. Thus, if we 
take a jar. Fig. 50, containing oxygen gas, 
and place a piece of burning sulphur in it on 
a stand, a, the vapor which rises from the sul- 
phur moves in a current to the top of the jar, 
and then descends in beautiful wreaths of 
smoke down the sides, precisely representing 
the circulatory movements of liquids. 

The ventilation of buildings and mines, and 
the proper construction of furnaces and chimneys, depend 
upon these principles. 

By taking advantage of the non-conducting power of 
air, rooms may be kept warm with a small consumption 
of fuel, by furnishing them with double windows. A 
stratum of air, two or three inches thick, intervening 
between the vnndows effectually cuts off the passage of 
heat. It is upon the same principle we explain Count 
Rumford's experiments in relation to the conducting 
power of, clothing; he found that when the same fibres 
are used, the apparent facility with which they transmit 
heat depends on the closeness with which they are pack- 
ed : the non-conducting power of air is here evidently 
called into play, and the fibres act by preventing the 
production of currents. In the case of sheep, or other 
animals, which, during the winter season, are covered 
with a thick coat of wool, or fur, it is the non-conducting 
power of the included air which is again brought into 
operation. 

Bo all liquids condaot heat ? Are there differences in their cimdacting 
power ? By what process is heat diffused throogh gases 7 > What is the 
use of doable windows ? What connection has the non-condocting ^wer 
cf air with Count Bumford's experiments ? In the economy of animali, 
what advantage is taken of these principles? 
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LECTURE XV. 

Radiation. — Vrdiminary Ideas en RadiaiU HeaL-^AnaU 
ogies with Light*, — Efect of Surfaces.^^RdaHons be^ 
tween Radiation and Reflection, — The Florentine Ex- 
jferiment, — The Cold-ray Experiment, — Opainty of 
Glass to Heat. — Its increasing Transparency as the 
Temperature rises. — Properties of Rock Salt, 

But, though gases are bad conductorB of heat, they 
freely allow of its transmission by general radiation. A 
person who stands at one side of a fire receives the heat 
of it, although no currents of warm air can reach him. In 
a vacuum, a piece of red-hot metal rapidly cools. 

The heat which, under these <;ircumstances, escapes 
from bodies is entirely invisible to the eye ; it moves in 
straight lines, exhibiting many of the phenomena of the 
rays erf" light. Thus, if we interpose between a fire and a 
thermometer an opaque screen, the moment the rays of 
light are sapped me heat is simultaneously intercepted. 

The rays of heat, like the rays of light, are capable of 
l>eing reflected by polished metallic surfaces* If a piece 
of planished tin be neld before a fire in such a position as 
to reflect the light of it upon the face, tho heat, also, is 
similarly reflected, and gives rise to a sensation of warmth. 

The analogy between light and heat is farther observed 
when rays of the latter fell upon bodies of a different 
physical constitution from the metals. As glass is trans- 
parent to light, there are many bodies transparent to rays 
of heat, though, as we are presently to find, these bodies 
are not the same in both instances. And as there are 
substances, like lamp-black, which will absorb all the light 
which impinges on them, there are many which perfectly 
absorb heat : reflection, transmission, and absorption are 
therefore common to both these agents. 

If we take two metallic vessels of the same size and 
shape, and having blackened one of them all over with 

' Do gases traDAmit radiant heat ? How may it be proved that radiant 
heat moves in straight lines ? Is it capable of reflection ? Are there any 
substances transpar^at to radiant heat 1 Are these the ssme bodies that 
•re transparent to light? 
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tihe smoke of a candle, fill them both with hot water, i 
notice their rate of cooling, it will be seen that the black- 
ened one cools faster ; the same thing may be observed, il^ 
instead of blackening the vessel, it is covered with layers of 
vambh. These results may be proved by the aid of Les- 
lie's canister, uriiich consists of a cubical brass vessel, «• 
jilr.tl. Pig* 51, set upon a verti- 

cal stem, upon which it 
can rotate ; at a little dis- 
tance is placed the black- 
ened bulb of a differential 
thermometer, £?; a mirror, 
M, receives the rays of 
the canister and reilecte 
them on the thermometer. 
One of the vertical sides of the cube is left with a clear 
metalHc surface, a second washed over with one coat of 
varnish, the third with two, and the fourth with three " 
coats ; if these sides be presented in succession to the 
thermometer, they will be found to radiate heat with 
very different degrees of speed, more heat escaping fit>m 
them as the numoer of coats is increased. In tne exper- 
iments of Melloni, it was found that the maximum was 
not attained until sixteen coats were applied. 

These results can only be explained on the princ^Ie 
that radiation does not take place from the surface oi 
bodies merely, but from a certain depth in their interior. 
A highly-polished metal is a bad radiator, but on rough- 
ening the surface, its quality is improved. As a general 
rule, good radiators are bad reflectors, and good reflectors 
are bad radiatcns. 

When rays of light, diverging from the focus of a con- 
cave parabolic mirror, impinge on the surface, they ate re- 
flected in parallel lines ; when parallel ray3 fall on sath. 
a surface, they are reflected to its focus. Thus, if from 
the point a, Fig. 52, the focus of a parabolic concave^ c 
f^ rays diverge, they will be reflected in parallel lines, cj", 



Of two surfaces, one polished and &e o&er blackened, wliicli i 

beat best ? When snocessire layers of vamish are pot on a snifaee, irbat 
is their effect ? When is the maximom reached ? What is the explana- 
tion of these results ? What is the general connection between racuatioa 
and reflection ? When ravs diverge from &e fbcos of a concave iniinir» 
what is their path after reflection ? When parallel rays fall on a coneave 
aurror. what is thoir path after r«iUct<o«y 
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d kyt iyfkf and if at these points they be intercepted b^ 
the mirror, g k, they will be reflected to its focns, b. 

Now, as the law» of reflection of radiant heat are the 
same as the laws of the reflection of Hght, it is plain that 
if we place any incandescent body, snch as a red-hot 
cannon-ball, in the focus, a, the heat which radiates from 
it will finally be found at the other ^us, h. 





This is beautifully illustrated by an experiment known 
under the name of the experiment with conju^te mir- 
rors* In the focus, a, Fig. 52, of a parabolic mirror, c/l 
place a red-hot cannon-ball, and in the focns, b^ of a 
second mirror, g kj set opposite, but twenty or thirty 
feet off, place a piece of phosphorus, a screen intervening 
between. As soon as the arrangememts are completed, 
remove the screen,, and in a moment the phosphorus takes 
fire. That this effect is due to the reflecting action of the 
mirrors, as has been described, may be proved by re- 
mov&g the mirror, c f, when it will be found that the 
phosphorus can not be lighted, even though the ball be 
brought within a very short distance of it 

This striking experiment proves, first, that the rays of 
beat more in straight lines, like those of light ; and, sec- 
ond, that in the same manner they are sul:ject to the ordi* 
nary laws of reflection. 

A variation of the foregoing experiment may be made 

When a hot haD is placed in the focus of one of the mirrow, to what 
point does its heat converge ? Describe the Plorentine experiment rep. 
naented in Fig. 53. What two facts does this experiment prove 7 
F2 
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by using a snowball instead of the cannon-shot, in whicli 
case a thermometer placed in the focus of the opposite 
mirror will exhibit a reduction of temperature. From 
this it was at one time supposed that there existed rays 
of cold precisely analagous to rays of heat, and that diey 
observed the same law as respects the rectilinear nature 
of their movement, and were also subject to the law of re-^ 
flection ; but, as we shall see when we come to speak of 
the Theory of the Exchanges of Heat, a simple explana- 
tion of the whole result can be given, without implying 
the existence of a principle of cold analogous to the prin- 
ciple of heat. 

Let it be now supposed that in the focus of the mirror, 
g ky Fig, 52, the bulb of a delicate thermometer is placed, 
and in the focus of the other mirror, c^) a metalline mass, 
a, the temperature of which we can vary at pleasure. 
Between the mirrors let there be interposed a screen of 
transparent plate glass ; and let us farther suppose that 
the temperature of a is 212°, or considerably below the 
point at which it is visibly red hot Under these circum- 
stances the thermometer exhibits no rise of temperature 
BO long as the glass intervenes, but the moment it is re- 
moved the heat passes. 

A piece of transparent glass is, therefore, opaque to 
the rays of heat which come from a non-luminous source. 

Let us now suppose that the temperature of the metal- 
line mass, a, continually rises. When it has reached a 
red heat, a certain proportion of the rays emitted by it 
begins to pass thiough the glass, as is shown by their 
effect upon the thermometer. When the mass is visibly 
red hot in the daylight the rays go through the glass more 
readily, and when it has become white hot, or has reached 
the highest temperature we can give it, the glass trans- 
mits the rays with facility. ^ 

These facts are of the utmost importance. They show 
that bodies transparent to light are not necessarily trans- 
parent to heat, and, therefore, that light and heat are 
separate and independent agents. They farther show, 
that, as respects glass, its transparency for heat differs 

When a loowball is ased instead of a hot shot, what is the result T 
What is the relation of glass to radiant heat of low intensity 7 What 
changes tajce place in the transmissive power of the class as the tem- 
perature rises ? How are tiiese facts conneoted with the physical ind«- 
pendence of light and heat? 
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>nrtth the temperature of the source &oni which the rays 
eoine. 

There is a certain well-known substance, rock salt, with 
which, if we could obtain plates large enough to inter- 
vene completely between the two mirrors, a different 
series of results would be exhibited. Whatever might 
be fhe temperature of the source, whether low or high, 
the rays would pass it with equal freedom. The warmth 
of the hand and the rays firom melting iron would m 
through it alike. This substance, therefore^ is permeame 
to all kinds of heat, as glass is permeable to all kinds of 
light. It constitutes the true glass for heat. 

The great coilclusion which we draw from the experi- 
ments just described is, that there are different vari^iescf 
radiant heat. Some of them can pass through glass, and 
some can not. Hereafter we shall see that the intrinsic 
differences in radiant heat are due to the same cause 
which gives different colors to light. 



LECTURE XVI. 

Theory of the Exchanges of Heat. — Phynctd hide 
pendence of Light and Heat, — Theory rf Bkcchanges.-^ 
Explanation* of the Cold Ray Experiment, — Wdls's 
Theory of the Dew.-:rCold on Mountain Tops.-^CoH" 
duction a Form of Radiation, — Temperature of the Sun, 

The earlier writers on chemistry supposed that if light 
and heat are not the same principle, they are mutually 
convertible ; that when the rays of light &11 on any ob- 
ject and warm it, they do so because they become ex 
tinguished and changed into heat. 

But there are many facts which militate against this 
doctrine. A vessel containing hot water radiates heat, 
and that heat is totally invisible in a dark rpom, nor can 
it be made to assume the luminous condition, even though 
concentrated by large concave mirrprs. 

'WhtA are tiae properties pf rock salt 7 'Why is it the glass of heatf 
What general cooclasioh is drawn from the ftjregoing facts ? What are 
the varieties of radiant heat due to 1 What relation was formerly sup. 
posed to exist between light and heat 7 Can rays of heat exist wltho^ 
being visible 7 
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ISxpeiimeats have been made to detenmne whether n 
the moonbeanui there are any calorific rays. The moaf 
delicate thermometers, aided by ooncave mirrors, have 
hitherto failed in detecting the mmutest trace. In this in- 
Btance, therefore* we have lieht existing without heat ; in 
the former, heat existing wimout light. 

In addition, as we have already shown, the relation of 
transparency for these two agents is not the same. A 

Siece of smoky quartz, or dark-colored micai of sucn a 
egree of opaci^ as scarcely to admit a ray of light to 
pass, is freely traversed by radiant heat. 

The theory of the exchanges of heat, comprehending 
an explanation of a great number of the phenomena we 
ordinarily witness, depends upon the foUowmg principlea : 
It assumes, Ist, that all bodies, no matter what their tem- 
perature may be, are constantly radiating heat at all times; 
2d. That the rate of radiation depends on the tempera- 
ture, increasing as the temperature rises, and diminishqig 
as it decfineSi 

Thus the vaxions objects around us are constantly emit- 
ting caloric : the warm bodies to the cold, and the cold 
ones to the wann. A mass of snow and a red-hot cannon^ 
ball respectively g^ve off heat, the ball emitting it in great 
quantities, and the snow in less. And even when adja- 
cent bodies have reached the same thermometric pomt, 
they still continue to. exchange heat with gne another* 

Upon these principles, we can readily account for the 
fact that bodies of different temperatures at first, finally 
come to an equilibrium. If an ignited cannon-Bhot be 
placed in the middle of a large room, it radiates its heat 
to the roof, the walls, the floor, andr the various objects 
around : they also radiate back again upon it ; but, from its 
elevated temperature, it emits its heat mster than they, and 
therefore gives out more than it receives. Its tempera- 
ture constantly descends, and continues to do so until it 
receives just as much as it gives, which takes place when 
it has reached the same degree as the objects around « 
for, other things being equal, bodies at the same tempeiv 
ature radiate with equal speed. 

Can %hft «&ist unaccompanied hy heat? What other evidence hftve 
we of the physical iodependence of these a§:entft ? On what does tik9 
theory of the exchanges of heat depend ? 1^ bodies at the same teaa- 
peratot^ still radiate t Describe the process (^ eooUne of. an incandescstft 
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The process must, however, stop as soon as that equality 
of temperature is attained ; for, if we suppose the shot to 
cool below' that point, it would evidently begin to receive 
more heat from the objects around than it gave forth, and 
the excess accumulating in it, its temperature would at 
once rise. 

When an equilibrium is obtained the process of radiar 
tion still continues, but the exchanges are equal. Two 
lighted candleB placed together does not extinguish each 
other, or cease to exchange light with each other, nor do 
two bodies equally warm cease, for that reason, to ex- 
change heat. In a room, therefore, in which every thing 
has the same temperature, rays are eternally exchanging, 
but each object maintains its own temperature, because 
it receives as much as it gives. 

If a red-hot ball and a thermometer 'bulb are placed 
near one another, the bulb receives more heat from the 
ball than it gives to it, and its temperature therefore rises ; 
but, if a thermometer bulb and a snowball are placed in 
presence of one another, the bulb, being the hotter body, 
gives more than it receives, and its temperature therefore 
descends. This is the explanation of the experiment 
with the conjugate mirrors. That experiment, as was 
observed, affords no proof that there are rays of cold : 
the effect is due to the fact that a mutual exchange is go- 
ing forward between the two bodies, and the temperature 
of the hotter descends. The mirrors, of course, take no 
part in this phenomenon ; their o^ce is merely to direct 
the path of the rays, as has been explained. 

On the principles of the radiation of heat is founded 
Wells's theory of the dew. After the sun goes down of 
an evening, drops of water condense on the leaves, grass, 
stones, and other objects exposed to the air. It was once 
a question whether this dew descended in the form of a 
light shower, or ascended from the ground. There are 
also certain circumstances apparently very mysterious at- 
tending its formation ; the dew rarely fails on a cloudy 
night ; it also apparently possesses a selecting power, de- 

When does the descent of temperature cease ? When an equilibrium 
is obtained, what is the rate of the exchanges? Describe the action in 
the case of a red-hot ball and a thermometer bulb. Describe the action ol 
a snowball and a thermometer bulb. How is this connected with the ex- 
periment with conjugate mirrors ? Under what circumstances does dew 
form? 
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Positing itself on some bodies in preference to others 
*he theory of Dr. Wells furnishes a beautiful explanation 
of these curious facts. During the day, the various bod- 
ies on the surface of the earth, receiving the rays of the 
sun, become warm ; but at nightfall, when the sky is un- 
clouded, they begin to cool ; for, the process of radiation 
continuing without any source of supply, their tempera- 
ture must descend. While the sun shone, they received 
as much heat from him as they gave forth to the sky, but 
when he sets, the supply is cut off, and they therefbrp 
cool; and as there is always moisture in the air, their 
temperature descending, by-and-by the dew point is reach- 
ed ; they become cold enough to condense water from the 
surrounding air, and this is the dew. And as different 
bodies, according to the roughness or physical condition 
of their surfaces, radiate with different degrees of speed, 
as Leslie's canister proves, some of the objects exposed 
to the sky cool rapidly, and are covered with dew ; but 
with othenf the dew point is never reached : hence the 
apparent selecting power. When there is a canopy of 
clouds over the sky, dew can not form, for the cloud ra- 
diates to the earth as much as the earth radiates to it : the 
exchanges are equal, and the equilibrium is maintained ; 
but if the cloud disappears, the heat of the surface of the 
ground escapes away into the regions of space^and is 
lost ; hence cloudy nights are warm, and a clear is often 
a frosty night. 

For sihiilar reasons, mountain topct are always colder 
than valleys. In a valley, the radiation is obstructed by 
the sides of the adjacent hills, but on the top of a mount- 
ain the free exposure to the sky permits of unchecked 
radiation. 

It has already been observed, that ccmduction is only a 
form of radiation. In its ordinary acceptation, the term 
conduction implies passage from particle to particle, by 
reason of their being in contact ; but we have proved that 
the constitution of matter involves the existence of inter- 
stices, and that heat can only pass from among these by 
radiating across tiie interstices ; hence the term interstitial 
radiation. 

What is the theory of Wells ? How does tliis explain the Belectini; 
power of bodies ? How does it explain the action of doods ? Wh^ is it 
colder on mocmtains than in valleys ? What ia meant by interstitial ra- 
diation? 
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An interesting conclusion maybe drawn from the con- 
ditioner of the passage of radiant heat through glass. We 
have seen it is necessary that the heat should come from 
a source of very high temperature to pass this medium 
with facility. Now the heat of the sun passes with the 
greatest freedom, as is well known when we stand before 
a. window through which the sun shines. In the focus of 
a convex lens of glass exposed in the sun's rays, bodies 
may be readily set on fire.. We infer, therefore, that the 
temperature of the sun is very high ; a result which is 
corroborated by proofe dravni from other sciences. 



LECTURE XVII. 

Nature OF Light. — VthraUrry Movement the Cause of 
Light. -^Evolution of Light by Rise of TemperatMre*-^ 
Case of Gases, — Nature of Flame. — Artificial Lights 
of various Colors* — General Properties of Light. — The 
Prism, — Decomposition of Light by it, — Nature of 
White Zeight,--^Netoton*s Theory of different Refrangi- 
bility. 

The phenomena of radiant heat lead us by impercep- 
tible steps to the phenomena of light. In treating of the 
former, we have in many cases drawn illustrations from 
the latter; and, indeed, there are facts in relation to ca- 
loric which it is absolutely impossible to understand until 
we comprehend the analogous facts in light. Such, for 
instance, is the theory which I have designated *' The 
Theory of Ideal Coloration," and which by the most em- 
inent writers is regarded as involving the fundamental 
facts of the science of radiant heat. 

Light is the result of an undulatory or wave-like mo- 
tion, propagated through the ethereal medium, which per- 
vades all space. These waves, impinging on the retina, 
an expansion of the optic nerve, situated on the posterior 
inner surface of the eye, produce in its delicate substance 
a specific chemical change. There is no diflficulty in ad- 
mitting that from these changes impressed upon that sen- 

What oonclnaion may be drawn as respejCts the temperature of the sHn, 
fi»m the phenomena of radiant heat ? ^VVliat is the cause c^ light ? How 
i« the in&ience of light on the retina transmitted to the brain 7 
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sidve surfaoei a vibratory mavement is transmitted along 
the optic nerve to the brain ; for, as we shall see when we 
reach the description of a simple voltaic circuit, the oxy- 
dation of a piece of zinc may raise the temperature of a 
platina tluread to a red heat hundreds of miles off, the 
movement being transmitted through a solid copper wire. 
How much more, then, might we expect to find similar 
movements oommunicated through a delicate nervous 
column, specially organized for their passage ] 

Nor is there any difficulty in admitting that through 
such a channel an infinity of vibrations may simultaneously , 
pass, undisturbed by each other. All the varied objects 
around us, whatever may be their shape or whatever their 
color, simultaneously transmit through the optic nerve 
their proper innnressions, which are registered in the brain. 
There are simitar phenomena in the case of sound ; thus, 
if we take a musical snuffbox, and, removing its case, hold 
it in the air, the sound is so enfeebled that it is scarcely 
audible a few feet off; but now, if the 
instrument be placed in the position iZ, 
JF^. 53, resting on a block of wood, 
c, which is brought fairly in contact at 
its lower end with the table, a h, the 
^^^^ table begins to resound, and the musi- 
4p "_Hlil^ ^^^ notes are all loudly and distinctly 
^ a ^^^51^ heard. But these vibrations, into which 

mmmmmmm^ammmmt^ ^Y^q table is thrown, have all passed 
through the mass of wood, c ; if we touch it, it trembles 
beneath the finger. And now, no matter how shapeless 
that intervening^ mass may be, nor how intricate the notes 
which the instrument is executing, there is no confusion 
nor intermingling ; the mass of wood and the table on 
which it rests vibrate in unison with the musical mech- 
anism* 

When the temperature of solid substances is raised to 
1000^ Fahrenheit, they begin to be luminous in the day- 
light, or, as it is termed, are visibly red hot. It requires 
a far higher temperature to render a gas incandescent. 

Are there any anabgons phenomena illagtrating the traiumission qf ef- 
fects through ^eat distances ? Can such vibrations pass together throo^h 
solid bodies without disturbing one another? Give an illustration from tfe.« 
phenomena of sound. At what temperature are solids lominons 7 Ii a 
gas or a solid more easily made incandescent X 
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This may be shown by holding a piece of thin platina wire 
in the current of hot air which rises from the apex of the 
flame of a lamp; the air is not visibly ignited, but the 

Slatina wire instantly becomes red hot, showing the great 
ifference in this respect between this metal and a gas. 
Different vapors and gases evolve different quantities 
of light when i^ited. The flame of burning hydrogen is 
scarcely visible in the daylight ; that of alcohol is but little 
brighter, but, under the same circumstances, sulphuric 
ether emits much light. If we take a glass of the form 
Fig. 44, consisting of a bulb, a, and ^ ^ 

curved tube, b, and having filled the ^ ' ^^v 

bulb with ether, cause it to boil by ^^ .^0^ 

the application of a lamp, c, the ^^« Jr 
ether may be set on fire as it is forced ^9^3^^ 
out of the vessel by the pressure of jP^ 

its vapor. It bums in a beautiful ^S^ 

arch of great brilliancy; but if we ^^ 

substitute alcohol for ether, the light becomes quite m- 
significant. 

The light which is emitted by lamps and candles is, 
however, in reality, due to the disengagement of solid 
matter. The constituents of the gas which produces the 
flame are carbon and hydrogen chiefly ; of these, the latter 
is the more combustible, and is first burned ; for a moment, 
therefore, the carbon exists in a solid form, in a state of 
extreme subdivision, and at a high temperature, but being 
m contact with the external air, it is immediately consumed 
Artificial lights differ in color. If alcohol be mixed 
with common salt and set on fire, the flame is of a yellow 
tint ; if with boracic acid, it is. gi-een ; if with nitrate of 
strontian, it is red. It is upon these principles that die 
art of pyrotechny depends. 

From whatever source light may come, it exhibits the 
same phyncal properties. It moves in straight lines. 
When it impinras on polished metallic surfaces, it is re- 
flected ; on dan: surfaces, it is absorbed ; on tran^arent* 
surfaces, as glass, it is transmitted. In the last case, it is 

In the oombastion of vapora and gaaes, if there any di£fbrence in the 
amoant of light emitted 7 How may thii be iUaitratedf To what canie 
are we to attribute the light emitted by lampi and candles ? How may 
artificial yellow, green, and red lisfata be made? In what ooorae doea 
li§^ move f What it meant by ttia reflection, abiorptioD, trananuanoD, 
and refraction of light T 

G 
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DECOMPOSITION OF UOHT BV A PRISM. 




Fig. 66. 



frequently forced into a new path, as we shall presently 
see, and then the phenomenon takes the name of refirao 
tion, because the ray is broken from its primitive course. 

There are two different kinds of opacity, black and 
white; charcoal is a black opaque substance, earthen- 
Fif. &3. ware is opaque white. 

^ Sir Isaac Newton first succeeded in proving 
the compound nature of light by the aid of a 
very simple instrument, a glass prism. It con- 
sists of a piece of glass having three sides. 
Fig. 5/), a at and is usually mounted on a brass 
stand, by with a ball and socket joint, c, which 
allows us to place it in any required position. 
Let the shutters of a room be 
closed, and through an aperture in 

J one of them, suitably situated, let a 

beam of the sun enter, Fig, 56, a. It 
^ ^^ - pursues, of coui-se, a straight path, 

-^- -^""^ following the dotted line, a e. Now 

let the prism interpose in the position 
b c, so as to intercept completely the 
ray. This goes no longer ta e, but is 
bent out of its course, and moves in 
the direction di 

Two striking facts are now to be remarked : first, the 
~ray a is refracted or broken from its path ; and, second^ 
instead of forming on the surface cZ, upon which it falls, a 
white spot, an elongated and beautifully-colored image 
is produced. These colors are seven in number : red, 
yellow, orange, green, blue, indigo, violet. The separation 
of these colors from one another is designated by the term 
Dispersion. 

• Newton has shown that white light consists of these vari- 
ous-colored rays blended together ; and their separation in 
the case before us is due to the fact that the prism refracts 
them unequally. On examining the position of the colors, 
in their relation to the point 6, to which they would all 
have gone had not the prism intervened, it is ascertained 
that the red is least disturbed or refracted from its origi- 




How many kinds of opacity are there ? Describe the prisuL State the 
effect whioh ensaes when a ray passes through the prism. What is meant 
by refraction ? What by diaperakm ? What is Newton^s theory of tb« 
tOQStitation of light ? 



THS 8QLAR flPSCTlUll. 76 

nal path, and the violet moat ; for these reasons, we call 
the red the least refrangihle ray, the yiolet the most refraii« 
gible, and the yellow intermediately. 

That the mixture of these colored rays reproduces 
white light, may be proved by resorting to any optical 
contrivance which wiU reassemble them all in one point; 
that point will be perfectly white. 



LECTURE XVIII. 

Constitution of the Solar Spectrum. — Order of the 
Colors. — Order of hUennty of the Light — DittriouHam 
of Heat — The Chemical Rays. — Their Distriiutum^ — 
Constitution of the Solar Rays. 

Let V r, Fig. 57, represent the spectrum ^- ^ 
which is given by a sunbeam after its passage " 
through a prism, and e the point to which it 
would have gone had not the prism intervened ; 
the order of the colors commencing vnth that 
which is least disturbed from its path, or nearest 
to «, is as £>llows : 



Red, 
Oraiige, 
Yellow, 
Oreen, 



Blue, 

Indigo, 

Violet. 




These cc^ors gradually blend into eadi other, 
so that their boundaries can not be traced ; and instead 
of a circular spot, which would have resulted had they 
gone forward to 6, they are dilated out, so as to form an 
elongated figure with parallel sides; at the two extremi- 
ties the light fades gradually away, so that we can not trace 
its limit with precision. 

Besides this difference of color, the light differs in in- 
trinsic brilliancy in the different spaces. Thus, if we re- 
ceive the spectrum on a piece of finely-printed paper, we 
can read the letters in each color at very different dis 
tances. In the yellow region the light is most brilliant, 
and there we can read farthest. From this point the light 
declines in brilliancy to the two ends of the spectrum, ita 

Which ia-ihe least, and which the moat refrangible ray 1 Of whatdoei 
white light consist? What is the order of refrangibility of coloBi T Whal 
is the figure of the spectrum? How may the illuminatiiig power be de 
terminM? 
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intensity in the colored spaces being in the following ot 
der: 



Yelkiw, 



Blue, 



Orange, 
Red, 

Sir W. Herschel discovered^ while using large reflecting 
telescopes, that the calorific rays of the sun pass with dif« 
ferent degrees of facility through colored glasses, and was 
led to examine the temperature of the colored spaces of 
the solar spectrum, to see whether the intensity ot the heat 
follows the intensity of the light. It was reasonable to 
suppose that the yellow space, being the brightest, would 
Fir. M. ^ ^^^ ^® hottest. He therefore placed delicate 

^ • thermometers in the variou3 colored spaces, apd 

**^" kept them in these spaces until they had I'isen as 
high as the ray could bring them. The thermom- 
, eter », Fig. 68, has risen the least, and in suc- 
^'i^.mm cession, t, ^, g, y, 9, r ; that which was immersed 
J 7 i.iM in the red being the highest. 
9 S — » It thus appears that the distribution of heat in 
^ ^ "^ the colored spaces of the solar spectrum is not the 
^ T^ same as the distribution of light ; that the yellow 

' ray, though it is the most luminous, is far from 

being the hottest, and that the intensity of the heat stead- 
ily increases from the violet to the red extremity. 

But this is not all : he farther found, that if a uLermom- 
eter be brought out >of the red region in the position x, Imk 
yond the limits of the spectrum, and ^here there is no 
light whatever, it stands higher than any of the others. 
From this a most important conclusion is to be drawn, 
that the light and heat existing in the sunbeam are dis- 
tinct and independent agents, and that by such processes 
as we are considering &ey may be perfectly separated 
from each other. 

It was discovered by some of the alchemists, centuries 
ago, that the chloride of silver, a substance of snowy white- 
ness, turns black on exposure to the light. More recent- 
ly, a great number of such bodies have been found— -bod-^ 

What ifl tbe order of illaminating power T Describe the diaoovery of 
tiUr W. Herschel. Is the distribation of heat in the spectram die same as 
the distribation of li^ht ? What fact indicates that the Heht and heat are 
separate and independent agents ? What changes does chloride of lihrer 
undergo in the sunshine f 
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ies which change, with greater or less rapidity, onder the 
influence of this agent. The iodide of silyer, which fomm 
the hasis of the process known as the Daguerreotype, is 
such ; and a mixture of chlorine and hydrogen gases in 
equal Yolumes, though it may be kept unchanged for a 
great length of time in the dark, explodes violently on ex- 
posure to the sunshine. In the same manner changes take 
Slace in a great variety of organic compounds ; the most 
elicate vegetable hues are soon bleached, and, indeed, a 
ray of light can scarcely &11 on a surface of any kind 
without leaving traces of its action. 

If a piece of paper, spread over with chloride of silver^ 
be placed in the solar spectrum, it soon begiss to blacken. 
But it does not blacken with equal promptitude in each 
of the colored spaces ; the eSbct takes place most rapidly 
among the more refrangible colors, and especially in the 
violet region. As in the case of heat, the effect extends 
far beyond the limit of the spectrum, and where the eye 
can not discover a trace of light. We are led, therefore, 
to conclude that there exists in the sunbeam an agent ca- 
pable of producing chemical effects, which exerts no action 
on a thermometer, which can not be perceived by the eye, 
and which therefore is neither heat nor light. 

By placing mixtures of chlorine and hydrogen in smaU 
vials, and immersing them in the colored spaces, we can 
readily determine the place of maximum action, and the 
distribution of the chemical influence throughout the 
spectrum. In this, as in the former instance, the greatest 
effect is found among the more refrangible colors, and 
from that point diminishes toward each extremity of the 
spectrum. 

As the general result of this examination of the solar 
spectrum, we finally come to the conclusion that light, far 
mm being a simple, is a very complex agent ; that there 
exist in the sunbeam at least three separate principles: 
one which excites in our bodies the sensation of warmth ; 
a second which, fi:Y>m its influence on the organs of vision, 
we recognize as light ; and a third which determines the 

When ft mixtare of chldrine and hydrogen i« exposed to the son, what oo> 
con ? How does light change vegetable colon 7 Which ray darkens the 
chloride of silver most 7 What proof have we that another agent exists in 
the son's rays besides light and heat? What ra^r affects the mixtare of 
chlorine and hydrogen most powerfhlly 7 What is the generml result «• 
respects the oonstitatum of tna sonbeam 7 
G2 
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production of chemical chaogeg. Future discovery may 
show that these are modifications of oue common princi- 
ple, but in the present position of science we are obliged 
to regard them as essentially distinct 

Besides these three principles, there are several facts 
which point out the existence of a fourth. When oyster- 
shells have been calcined with sulphur, they obtain the 
quality of shining after they have been exposed to the 
light. The brief flash of an electric spark is sufficient to 
make them glow splendidly ; but, what is very singular, 
the rays, which in this instance bring about this result, 
can not pass through a piece x>f glass. Glass is perfectly 
opaque to th^m. We can not regard that as light which 
is unable to pass through glass ; and on arguments of this 
character, I have shown that the phosphorogenic rays are 
entitled to be regarded as a distinct imponderable prin- 
ciple. — {PhU. Mag.^ Aug., 1844.) 



LECTURE XIX. 

Wavr TheoIct op Light.— i^iajedl Lines in the Solar 
Spectrum. — Proofs of the Existence of the Ether. — Light 
consists of Waves in it.— The Ethereal Particles move 
but little. — Distinction between Vibration and Undula^ 
tion. — FresneVs Theory of Transverse Vibrations. — 
Transverse and Normal Waves. — Brilliancy of Light 
depends on Amplitude of Vibration. 

In the f<H:egoing examination, we have found that light 
is very far from being a simple agent ; it contains at least 
four distinct principles : heat, light, chemical action, and 
phosphorescence ; but of each of these there are many 
modifications. The eye proves to us that of light there 
exist at least seven different varieties, answering to the 
seven colors, and besides this, innumerable intermediate 
tints ; the same subdivision may be traced for each of the 
other principles. 

When the aperture which admits a ray of light into the 
dark room, i^. 56, is a narrow fissure or slit, not more 

Wh«t proof if tliore of the existence of a finirth priQci{le ? Can the 
phoiphorogetuc rayi of an electric spark pass throagb glass ? Are there 
•ny sabaidiazy modifications beaidea the tbar here mentioned ? 
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than the one thirtieth of an inch in width, the spec- ^^j^ 
trum which is formed by the action of a prism is 
crossed by great numbers of black lines. These 
always are found in the same position, as respects 
the colored spaces, and, from the mvariabihty of I 
that position, are much used as boundary marks. 
They are designated by the letters of the alpha- 
bet, and their relative magnitude, with their po- 
sition, is gi^n in Fig. 59. 

. It has diready hebn said that the cause of light 
is an undulatory movement taking place in the 
ethereal medium. That such a medium exists 
throughout all space, seems to be proved ^y a 
number of astronomical facts. It exerts a resist- 
ing agency on bodies moving in it. From its 
tenuity, we should scarcely expect that it would 
impress any disturbance on the great planetaiy masses ; 
but on light gaseous cometary bodies it produces a per- 
ceptible action. The comet of Encke, with a period of 
about 1200 days, is accelerated in each revolution by 
about two days ; and that of Biela^ with a period of 2460 
days, is accelerated by about one day. As there is no 
other obvious cause for these results, astronomers have 
very generally looked upon them as corroborative proofe 
of the existence of a resisting medium, that universal ether 
to which so many other facts point. 

In this elastic medium, undulatory movements can be 
propagated in the same manner as waves of sound in the 
air. It is to be clearly understood that the ether and light 
are distinct things ; the latter is merely the effect of move- 
ments in the former. Atmospheric air is one thing, and 
the sound which traverses it another. The air is not 
made up of the notes of the gamut, nor is the ether com 
posed of the seven colors of light. 

Across the ether, undulatory movements, resembling, in 
many respects, the waves of sound in the^tmosphere, trav- 
erse with prodigious velocity. From the eclipses of Ju- 
piter's satellites, and other astronomical phenomena, it 
appears that the rate of the propagation of light, or the 

What are the fixed lines ? How are these lines designated, and wh«t 
is their use ? What jm)ofs have we of the e^dstence of an ethereal me- 
diom? What is the relation between- the ether and light? At what 
pate is light propagated f 
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Telocity with which these waves advance, is 195»000 miles 
in a second. We are not, however, to understand by this 
that the ethereal particles rush forward in a rectilinear 
course at that rate : those particles, far from advancing, 
remain stationary. 

If we take a long cord, a b, Fig. 60, and having fast- 
^ ^ ened it by the extrem- 

" ityt ^, to a fixed obsta- 
cle, commence agita* 
. ting the end, a, up and 
down, the cord will be 
thrown into wave-hke motions passing rapidly from one 
end to the ot^er. This may afford us a rude idea of the 
nature of the ethereal movements. The particles of which 
the cord is composed do not advance or retreat, though 
the undulations are rapidly passing. 

So, too, if in the center, c, ef a surface ai water, Fig* 
Fig, 61. 61> ^^ make a tapping moticHi with the 

finger, circular waves are propagated, 
which, expanding as they go, soon readi 
the sides of the vessel which holds the 
water. A light object placed on the 
surface is not violently drifi^d forward 
by the waves, but remains entirely mo- 
tionless. We see, therefi)re, that there 
is a wide distinction between the mo- 
tion of a wave and the motions of the particles among 
which it is passing. They retain their places, but the 
wave flows rapidly forward. 

A distinction is to be made between the words vibra- 
tion and undulation. In the case of the cord, JP^. 60, the 
vibration is represented by the movement exerted by the 
band at the free extremity, a; the undulation is the wave 
like motion that passes along the cord. In the case of 
the water, Fig. 61, the vibration was represented by the 
tapping motion of the fing^ the undulation by the resul^ 
ing wave. We, therefore, see lliat these stand in the re- 
lation of cause and effect : the vibration is the cause, and 
the undulation the effect. Throughout the ethereal medi" 

Do the ethereal particles move forward at that rate 7 How may the 
movements of ethereal waves be represented by a cord ? How may they 
be represented on the surface of water ? Do the vibrating particles xnove 
fixrwvd with the wave ? What \% the<listinction between vibrations and 
undulations? 
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am» each particle yibrates and transmits die nndalatory 
^ect to the paiticleB next beyond it. 

In the same way as a vibrating cord agitates the sur 
rounding air» and makes waves of sound pass through it, 
so does an incandescent or shining particle, vibrating with 
prodigious rapidity, impress a wave-like movement on the 
ether, and the movement eventually impinging on the eye 
is what we call light. 

To refer a^n to the simple illustration given in Fig. 
60 : it is- obvious that there are an infinite variety of di- 
rections in which we may vibrate that cord or throw it 
into undulations. We may move it up and down, or 
horizontally right and left, and also in an infinite number 
of intermediate, directions, every one of which is trans- 
verse, or at right an- t^. Ml 
gles to the length of * 
the cord, as a a, b b, MA 

c c, &c.. Fig. 62. ^^^^-^^""^ — """'^v.w.^'''-"^^ -^ 

This is the peculiar!- yUb 

ty of the movement • 

of light. Its vibrations are transverse to the course of the 

ray; and in this it differs from the movement of sound, in 

which the vibrations are normal, that is to say, executed in 

the direction of the resulting wave, and not at right angles 

to it. • 

This great discovery of the transverse vibrations of 
light was made by M. Fresnel. It is the foundation of 
the whole theory of optics, and oflfers a simple but brill- 
iant explanation of so many of the {>henomena of light, 
that the undulatory theory is by many writers designated 
the Theory of Transverse Vibrations. 

It may, however, be remarked, that though light con- 
sists of rays originating in these transverse motions, it is 
not impossible diat there may be other phenomena which 
correspond to movements in other directions. To those 
movements our eyes are totally bhnd, and hence we can 
not speak of them as lighL In the same way there may 
be motions in the air, due to transverse vibrations, but to 
them our ear is perfectly deaf. But it is not improbable 
that God has formed organs of vision and organs of h^ar- 

How does each ethereal particle propagate the wave to thof e beyond 
it ? Is there any aualogy between soond and Ughtf In bow many wayjt 
may a cord be vibrated? What is implied bv the term theory of trans 
▼erse vibrations T Are ether motions possible T 
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ing in the case of other aniraak upon a different type , 
eyes that can perceive normal vibrations in the ether, 
and ears that can distinguish transverse sounds in the air. 
Lights differ from each other in two striking particulars 
— brilliancy and color. These are determined by certain 
affsctions or qualities in the waves. On the surface of 
water we may have a wave not an inch in altitude, or a 
wave, as the phrase is, '' mountains high.'' Under these 
circumstances, waves are said to differ in amplitude ; and, 
transferring this illustration to the case of lights a wave, 
the amplitude of which is great, impresses us with a sense 
of intensity or brilliancy, but a wave, tlie amplitude of 
which is little, is less bright. The brilliancy of light de- 
pends on the magnitude of the excuraions of the vibrating 
particle. 



LECfURB XX. 

Wave Thbort op JjIOVLt. --rColors of Light depend itp&H 
Wave Lengths. — Interference of Sounds. — Young's 
Theory of Interference of Lfight, — Condition of Inter- 
ference. — Explanation cf Lights and Shades in Shad- 
ows. • 

By the length of a wave upon water, we mean the dis- 

*\^. M. ^ance that intervenes from the crest 

-« h of one wave to that of the next, m 

v._/^^\^^_^>^^^^ ^ from depression to depression. 

^ . ^ Thus, in JF^-. 63, from a to h, or, 

what is the same, from (? to d^ constitutes the wave lengdi. 

In the ether the length of the waves determines the 
phenomenon of c(^r; this may be rigorously proved, as 
we shall soon see, when vre come to the methods by which 
philosophers huve determined the absolute lengths of un^ 
dulations. It has been found that the longer waves give 
rise to red light, the shorter ones to violet, and those of 
intermediitte magnitudes the other coloi» in the order of 
their refrwigibility. 

Two ray s of light, no matter how brilliant they are aep- 

What is meant by the aniplitude of waves ? On what does the brilliaa- 
ey of light depend ? What is meant by the length of a wave ? What ii 
the connection betweeh color and Wave length ? 
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aratQly, may be brought under such relations to one 
another as to destroy each others eflfect and produce dark- 
ness. Light added to light may produce dairkness. Two 
sounds may bear such a relation to each other that they 
shall produi^e silence ; and two waves, on the surface of 
water, may so interfere with one another that the water 
shall retain its horizontal position. 

Take two tuning forks of the same note, and fasten by 
a little sealing wax on one prong of each a 
disc of card-board, half an inch in diameter, 
as seen Fig* 64, a. Make one of the forks a 
little heavier than the other, by putting on 
the end of it a drop of the wax. 

Then take a glass jar, b, about two inches 
in. diameter and eight or ten long, and having 
made one of the forks vibrate, hold it over 
the mouth of the jar, as seen at d, its piece 
of card-board being downward ; commence pouring water 
into the jar, and the sound will be greatly re-enforced. 
It is the column of air in the jar vibrating in unison with 
the fork, and we adjust its length by pouring in the water; 
when the sound is loudest, we cease to pour in any more 
w^ter, the jar is adjusted, and we can now prove that two 
jounik added together may produce silence. 

It matters not which fork is taken, whether it be the 
light or the loaded, on mcddng it vibrate and holding it 
over the mouth of the resonant jar, we hear a uniform 
and clear sound,' without any pause, stop, or cessation. 
But if we make both vibrate over the jar together, a re- 
markable phenomenon arises, a series of sounds alterna- 
ting with a series of silences ; for a moment the sound in- 
creases, then dies away and ceases, then swells forth 
again, and again declines, and so it continues until the 
forks cease vibratipg. The length of these pauses may be 
varied by putting more or less wax on the loaded fork ; 
and as we can see that even during the periods of silence 
both forks are rapidly vibrating, the experiment proves 
that two sounds taken together may produce silence. 

Under these circumstances, waves of sound are said to 



. What is meant by the interference of lighte or of wimdc t Give an il- 
lustration of Uie interference of sounds. What is the character tof the 
sound which the resonant jar emits ? Why are there paoaes in it T At 
tlie time of these pauses, are the forks vibrating 7 
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interfere with each other, and in like manner interference 
takes place among the waves of light. We cm gather 
an idea of the mechanism by considering this case in waves 
upon water, in which, if two undulations encounter under 
such circumstances that the concavity of the one corre- 
sponds with the convexity of the other, they mutually de- 
stroy each other's effect. 

If two systems of wave& of the same length encounter 
each other after having come throueh paths m equal length, 
they will not interfere. Nor wiU they interfere even 
though there be a difference in the length of these paths, 
provided that difference be equal to one whole wave, or 
two, -or three, &c. ' 

But if two systems of waves of equal length encoimter 
each other after having come through paths of unequtd 
length, they will interfere, and that mterference will be 
comj^lete when the difference of the paths through which 
they have come is half a wave, or 1|, 2 J, 3J^, &c. 

Pig. 65. These cases are respectively shown 

at a b, and c d^ Fig, 65, at the point 
of encounter, x ; in the first instance, 
the two sets of waves are in the same 
phase, that is, their concavities and 
convexitiep respectively correspond, 
and there is no interferei^ce ; but in 
the second case, at tibe point of en- 
counter, X, the two systems are in opposite phases, the 
convexity of the one corresponding wiUi the concavity ol 
the- other, and interference takes place. 

Upon these principles, we can account for the remark- 
able results of the following experi- 
ment : From a lucid point, *, Fig, 
66, which inay be formed by the 
rays of the sun converged by a dou* 
ble convex lens of short focus, Or by 
passing a sunbeam through a pin- 
hole, let rays emanate, and in them 
place the opaque obstacle, a b^ which 
we will suppose to be a cylindrical 




Fig,eo, 




When two wavei upon water enchanter each other, nader what ci^ 
cmnstances will they interfere ? When systemi of wav^e'i of equal length 
encounter one another, when do they, and when do they, not, interfere 1 
Describe the ezperimeDt repreBented in Fig. 66. 
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body, seen endwise in the figure; at some distance beyond 
place a screen of white paper, c d, to receive the shadow 
It might be supposed that this shadow should be of a 
magnitude included between x y, because the rays, s a, 
9 b^ which pass the sides of the obstacle impinge ».. 07, 
on the paper at those points. It might farther be 
supposed, that within the space x y the shadow 
should be nniformly dusky or dark ; but, on exam- 
ining it, such will not be found to be the case. 
The shadow will be found to consist of a series of j 
light and dark stripes, as represented in "Fig, 67. 
In its middle, at &, 2^«. ^^ and 67, there is a white' { 
stripe ; this is succeeded on each side by a dark 
one ; this, again, by a bright one, and so on alternately. 

Upon the undulatory theory, all this is readily explain- 
ed. Sounds easily double round a comer, and are neard 
though an obstacle intervenes. Waves upon water pass 
round to the back of an object on which they impinge, 
and the undulations of light in the same manner flow 
round at the back of the piece of wire, a &, ¥ig, 66 ; and 
now it is plain that two series of waves which have passed 
&otn the sides of the obstacle to the middle of its shadow, 
that is, along the lines a e, h e, have gone through paths 
of equal length, and, therefore, when they encounter at 
the point e, l^ey will not interfere^ but exalt each other's 
effect. 

But, leaving this central pointy e, and passing tajf, it {s 
plain that the systems of waves which have come through 
the paths aj\ hf, have come through different distances, 
for of\& longer than a f; and if this diffei^enee be equal 
to the length of half a wave^ they will, when they encoun* 
ter at the point j^ interfere and destroy each other, and a 
dark stripe results. 

Beyond this, at the point g^ the waves from each side 
of the obstacles, a g, h g, again have come through une- 
qual paths ; but, if the difference is equal to the length of 
one whole wave, they will not interfere, and, a white 
stnpe results. 

Keasoning in this manner, we can see that the interioi 

Is the resulting shadow uniformly dark ? At the central pdnt of the 
ahadow, is it dark or light? Bxplain the cause of this central liffht space, 
and cf the alternate dark and light ones on ^ach side of it? What is the 
Seogth-of the paths of the waves which %o to the illiumBated spaces, and of 
those which go to the dark ones ? 

H 
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of such a shadow consists of illuminated and dark spaoM 
alternately : illuminated spaces, when the light has coine 
through paths that are equal, or that differ from each oth* 
er by 1, 2, 3, 4» . . &c., waves ; and dark, when the d^ 
ference between them is equal to ^, 1^, 2^, 3^, . . &c., 
waves. 

That it is the interference c^the light coming from the 
opposite sides of the opaque object which is the cause of 
uese phenomena, is proved by the circumstance that if 
we place an opaque screen on one side of the obstacle, so 
as to prevent the light passing, the fringes all disappear. 



LECTURE XXI. 

Wate Theory oy hiQHT.-^-'Meantrement ^-tke Jjmi^lkaf 
a Wave of Light, — Length diffen for different Colon^ 
— MecuuremetU of the Period of Vwradona, — Nature ^ 
Polarized Lights --^ Plane, Circular, and Elliptical 
Polarized Light. — Reflection, Refraction, and Abwrp" 
tion of Light, 

The experiment, Fig. Q^, may enable us to determine 
the length pf a wave of light. This may be readily done 
by measuring the distances ay and bf or from the sides 
of the obstacle to the first bright stripe from the central 
one, for at that point the di^rence between those two 
lines, a f and b f,\& equal to the length of one wave. 
We might employ the second bright stripe ; the diifer- 
ence then would be equal. to two waves. 

Farther, if^ instead of using qfdinary white light, radia- 
ting from the lucid point, *, we use colored lights, such as 
red, yellow, blue, &c., in succession, we shall find that 
the wave length* determined by the process just explained 
differs in each case ; that it is greatest in red, and small- 
est in violet light. By exact experiments made upon 
methods more complicated than the elementary one here 

f'ven, it has been found that the difierent colored rays of 
jht have waves of the following length : 

How can it be proved that the waves from the opxx)site, sides of the ob- 
stacle interfere? How, by this arrane^ement, might we measure the 
leng^ of a wave of light? When diffet-ent colors of light are used, are 
Uie waves found to he of equal length ? 



Forredligbt. . 


. .S56 


" orange . . 


. . 240 


« yellow . . 


. . 827 


'• green. . . 


. . 211 
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WATB^ LBNGTHS OF f HE DIFFERENT COLORS OF LIGHT. 

The English inch is supposed to he divided into ten 

millions of equal parts, and of those parts the wave lengths 

ai-e : 

For blue 196 

'' indigo 185 

" violell 174 

In this manner, it is proved that the different colors oi 
light arise in the ether, fi'om its being thrown into waves 
of different lengths. 

Knowing the rate at which light is propagated in a 
secoud, and the:w.ave l^igdi for a particular color, we can 
readily tell the number of vibrations executed in a second, 
for they plainly are obtained by dividing 195,000 miles, 
die rate of propagation by the wave length. From this it 
Appears, that if a single second of time be divided into one 
^million of equal parts, a wave of red light trembles or pul- 
sates 458 millions of times in that inconceivably short in- 
terval, and a wave of violet light 727 millions of times. 

In speaking of the constitution of matter, in Lectures I. 
and IL, I had occasion to allude to the amazingly minute 
4cale on which it is constructed. The remarkable facts 
we are now considering are a monument to the genius of 
Newton and his successors, for they give us a just idea of 
the scale of space and time upon which Nature carries on 
her works among the molecules of matter. < 

Common light, as has been said, originates in vibratory 
motions taking place in every d^*ection transverse to the 
riay^ With polarized light it is different; to gather an 
idea c^ the nature of polarized light, we must refer once 
more to the^cord, Fig, 62, which, as has been ,said, serves 
to imitate comm9n light when its extremity, is vibrated 
vertically, horizontally^ and in al) intermedisd» positions 
in rapid succession. But jbf we simply vibrate it up and 
down, or right and left, then it imitates polarized light ; 
polarized light is, therefore, caused by vibrations trans- 
Terse to die ray, but which are executed in one diirection 
only. 

What 18 the Xengtk of a wave of red and of violet light respectively t 
How can we ascertain the namber of vibrations in a second T ^ On the iu»- 
4iilatory theory, in what directions do the ethereal particles vibrate in tiM 
«aae of coi6mon light ? "^Vbat is the case in polarised lift^ht ? 
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There is a certain gem, the tourmaline, which seiTes to 
ruf, aa exhibit the propertiea of polar- 

k^ /^ ized light. If we take a thin 

plate of this substance, c d, prop- 
erly cut and polished, and allow 
a ray of li^ht, a b. Fig. 68, to 
fall upon It, that ray will be 
freely transmitted through a second plate if it be hold 
symmetrically to the first, as shown at e/; but if we turn 
the second plate a quarter round, as seen at g h, then the 
light can not pass through. The rays of the meridian sun 
can not pass through a pair of crossed tourmalines. 

Fig. 09 ^^® cause of this is obirious : i£ we take 

^^^^ d a thin lath or str^ of pasteboard, c d, 
c rl ID--^^ J^- ^^» *™^ ^^^^ *^ before a cage, or 
C ^ - rgTr*^ ^ grate, d b, it will readily slip through 
" *| I I ^ when its plane coincides with the bars ; 
^ JJJJ but if we turn it a quarter round, as at « 

* f, then of course it can not pass the bars. 

Now the plate of tourmaline, Fig. 68, c d, polarizes the 
light, a b, which fails upon it ; that is, the waves that pass 
through it are vibrating aH in one plane. They pass, 
therefore, readily through a second plate of the same kind, 
so long as it is held in such a way that its- structure coin- 
cides with that motion, but if itJbe ttimed round so as to 
ctossthe waves, then they are unable to pass through it. 
There are many ways in which light can be polarized: 
by reflection, refraction, double refraction, &cc. The re- 
sulting motion impressed on the ether is the same in all 
cases. 

Light modified as just described is designated plane 
polarized light ; but there are other varieties of polariza- 
tion. If the end of the rope. Fig, 62, be moved in a cir- 
cle, circular waves will be produced, imitating circularly 
polarized light ; and if it be moved in an ellipse, ellipticid 
polarized light. 

The undulatory theory of light gives a clear account of 
the ordinary phenomena of optics* The general law 
under which light is reflected from polished surfaces is a 

Describe the optibalpToperties of the tonnnaline. Give an inustratioi 
of the phenomenon. What is the cause of the action of the second tour 
malinejplate ? Mention some of the methods by which lieht may be po 
lariJsod. What is circularly polarized fight ? What is elupticaUy polai 
izedlis-hf 
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direct consequdnce dfit ; that law is : &at the , ^ '^^ 
angle, d ch^ Fig. 70, made by the reflected ^ ^ /a 
ray, d c, with a perpendicular, c h, drawn to V / 

the point c, at which the light impinges, is \ / 
equal to the angle, a c b, which the incident \ / 
ray makes with the same perpendicular, or, ^i^J ^^^ 
as it is briefly expressed, " the angles of inci- ^ 

dence and reflection are equal to each other, and on op- 
posite sides of the perpendicular." 

By the aid of this law, we can shew the action of re- 
flecting surfaces of any kind, and discover the properties 
of plane and curved mirrors, whether they be concave or 
convex, spherical, elliptical, paraboloidal, or any other 
figures. 

From the undulatory theory, the law of the refraction 
of light also follows as a necessary consequence. It is : 
in every transparent substance, " the sines of the angles 
of incidence and refraction are to each other in a constant 
ratio ;" and by the aid of this law we can determine the 
action of media bounded by surfaces of any kind, plane or 
spherical, concave or convex. It ex])lains the action of 
lenses, and the construction of refractmg telescopes and 
microscopes. 

Sir Isaac Newton's discovery, that white light arises 
fro^ the mixture of the difierent colored rays in certain 
proportions) explains the cause of -the colore which trans^ 
parent media ofl;en exhibit ; thus, if giass be stained with 
the oxide of cobalt, it allows a blue light to pass it, and 
upon such principles the art of painting on glass depends ; 
different colors being communicated by different metallic 
oxides. The cause of this effect is readily discovered ; 
for, if we make the light which enters a dark room, as in 
Fig. 56, pass through such a piece of stained glass before 
it goes through the prism, and examine the resulting spec- 
trum, we find that several rays are wanting in it ; that the 
glass has absorbed or detained some, and allowed others 
to traverse it. A piece of blue glass thus suffers most of 
the bluis light to pass, but stops the green, the yellow, &c. 
But it is also to be observed, that the light which is trans- 
mitted by any of these colored media is not pure, it is 

What is the sefieral law of reflection ? What is the law of the feftac 
tion of light ? What is the cause o^T the colors of traBsparent media ? It 
theliffht transmitted thron^'h these colored media pnre? 

H 2 
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contaminated with other tints ; the blue glass, for instance, 
does not stop all the rays except the blue ; it allows a large 
portion of the red to pass, ana hence the light it transmits 
18 more or less compound. 



LECTURE XXII. 

The TiTHONic Rays. — Peculiarities of the Tiihvnic Rays. 
— Their Physical Independence of Heat and Light. — 
Analogies with Light. — Found in Moonlight, Lttmp- 
light, Sfc. — Prelifninary Absorption and d^nite Action. 
— In producing a Chemical Effect^ the Ray changes.- — 
Daguerreotype. — Application to taking Portraits. — Na^ 
ture of the Daguerreotype. — Other Photogenic Processes. 

It has been already observed, that when a solar spec- 
trum falls upon paper covered over with chloride of sil- 
ver, the chloride turns black in the more refrangible, re- 
gions, and from this and similar experiments we have been 
led to the knowledge that there exists in the sunbeam a 
principle which can bring about chemical changes. 

This fact has been received from the beginning of the 
present century ; but, of late, much attention has been 
given to these rays, and fron^ a consideration of the phe- 
nomena they exhibit, I have endeavored to prove that they 
constitute a fourth imponderable principle of the same 
rank as heat, light, and electricity ; and, for the purpose 
of giving precision to this view, have proposed that they 
should be called Tithonic rays, firom the circumstance 
that, they are always associated with light ; drawing the 
allusion from the classical fable of Tithonus and Aurora. 

This name is, however, to be regarded as a provisional 
one. Every thing seems to indicate that sooner or later 
all these principles will be reduced to one of a more gen- 
eral nature, or that they are all modifications of move- 
ments taking place in the ether. 

The evidence of the physical independence of the Ti- 
thonic rays is very much of the same character as the evi- 
dence of the difference between heat and light. These 

What reason have we to auppose that there exiato another principle 
besides heat and Ueht in the solar rays ? Why is the name Tithonic raya 
•uggested fortius principle? 
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rays are iuTiaible to the eye, and therefore are not light ; 
tbey do not affect a tbennometer, and therefore are not 
heat. Media which are transparent to heat are not trana* 
parent to chem, and media: through which light readily 
passes are perfectly opaque to them. 
. The Tithonic rays are emitted, and undergo reflection^ 
refraction, and polarization, precisely in the manner of 
light and heat. Unlike the latter principle, they exhibit 
00 phenomenon of conduction ; the effect which they pro- 
duce does not pass from particle to particle, but is limited 
to that on which the light has impinged ; nor is it, as yet, 
distinctly established ^t they exhibit any phenomenon 
analogous ta secondaiy radiation. An object upon which 
rays of heat fall, as it becomes warm,' radiates back again, 
but a substance on which Tithonic rays are impinging 
does not radiate in like manner. 

In the sunbeams Tithonic rays exist abundantly; I have 
also found them in the moonlight, in sufficient quantity to 
give copies of that satellite on sensitiTe suifaces. In 
lamplight and other artificial light, they also occur te a 
much greater extent than is commonly supposed. They 
do not eS!^Qt a thermometer, because, except under pe- 
culiar circumstances, they can not produce expansion; 
their office appears to be to arrange and group the mole- 
cules of bodies, and to bring about the substitution of one 
element for another. 

When the Tithonic cays fall upon a sensidve medium 
for a brief space of time, no change takes place in -it ; 
during this time the rays are actively absorbed, but as 
soon as that preliminary absorption is over they act in a 
manner which is perfectly definite : if, for instance, it be 
a decomposition they are bringing about, the amount of 
decomposing effect will be precisely proportional to the 
quantity of rays absorbed. 

When a beam from any shining source causes a de- 
composing effect, it is uniformly observed that it is itself 
disturbed; the medium which is changing impresses a 
change on the ray. Thus, a mixtnre of chlorite and hy- 

Are these rays visible ? Do tbey affect a thermometor ? Can tbey be 
conducted Hkeheat? Do they exhibit secondary radiation? Are they 
foond in tlie moonbeams and artificial lights ? Do they affect the ther- 
mometer ? The mode of action of these rays on bodies is divided into two 
■tages, what are tbey ? Does the ray itself change in bringing about theM 
chanpaw * 
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drogen unites under the inflaence of a ray» bat that pt>i- 
tion of the ray which passes through the mixture has lost 
the quality of ever bringring about a like change again ; 
the mixtiu*e is tithonized and the light detithonized. 

When a beam from any shining source falls on h 
chungeable medium, a portion of it is absorbed for the 
purpose of effecting the change, and the residue is eithei 
reflected or transmitted, and is perfectly inert as respects 
the medium itself. 

No ohemical effect can, therefore, be produced by such 
rays except they be absorbed. It is for this reason thai 
water is never decomposed by the sunshine, nor oxygen 
and hydrogen made to unite ; for these substances are all 
transparent, and allow the rays to pass without any ab- 
sorption, and abscMption is absolutely necessary before 
chemical action can ensue. 

Sut with chlorine the case is very different. This sub- 
stance exerts a powerful abscurbent. action on light; the 
efiect takes place on the more refrangible rays; wh&a 
mixed with hydrogen and set in the light, it unites with a 
violent explosion. 

The process of the Daguerreotype depends on the action 
of the Tithonic rays. It is conducted as follows : A piece 
of silver plate is brought to a high polish by rubbing it 
with powders, such as Tripoli and rotten-stone, every care 
being taken that the surface shall be absolutely pure and 
clean, a condition obtained in various ways by different 
artists, as by the aid of alcohol, dilute nitric acid, "Sec. 
This plate is next exposed in a box to the v^por which 
rises nrom iodine at common temperatures, until it has ac« 
quired a golden yellow tarnish ; it is next exposed, in the 
camera obscura, to the images of the objects it is designed 
to cppy, for a suitable space of time. On being removed 
firom the instrument, noising is visible upon it; but on ex- 
posing it to the fumes of mercury, the images slowly evolve 
themselves. . . 

To prevent any farther change, the tarnished aspect of 
the plate is removed by washing the plate in a solution of 
hyposulphite of soda, and finishing the washing with wa- 
ter; it can then be. kept for any length of time. 

Do6s the ray undertj^ absorption ? Why can not water be decomposed 
in the sunshine ? Why do chlorine and hydrog^en explode ,? Describe 
the process of tiie Daguerreotype. Are the images visible at first? By 
what means are they brought out t How is the picture preserved from 
farther change f 
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Several impoitadt improYemenlB on die original process 
have bee& made: 1st, by exposing the plate, after it haa 
been iodized^ to the vapor of bromine, or chloride of iodine, 
which gives it a wohderfbl sensibility ; 2d, by gilding the 
plate, siter the other operations are complete, by the aid 
of a mixture of hyposulphite of soda and chloride of gold ; 
this acts like « varnish, fastening the picture and giving 
it a more agreeable yellow tone. 

The art of takiiig portraits from ^e life, which has now 
become a branch of industry, was invented by me soon 
after the Daguerreotype was known in America; at that 
time, this, which is by far the most valuable application 
of the chemical agencies of light, was looked upon in Eu- 

Xas entirely beyond the powers of this process ; but 
equently great improvements in it have been made. 
My memoir descriptive of the art may be seen in the Loh' 
don and Edinburgh Philosophical Magazine (September, 
1840), and the facts are also specified in the Edinlmrgh 
Review (January, 1843), in which the discovery is attrib- 
uted to its proper source, the author of this book. ^ 

When a beam falls upon the surface of a Daguerreotype 
plate, it- communicates to the iodide of silver a tendency 
to decomposition, but iodine is never set free because n 
the metallic silver behind. On exposing a surface dis* 
torbed in this manner to the vapors of mercuiy, entire 
decomposition of the iodide ensues, its silver umtes with 
the mercury, forming a white amalgam, and the iodine 
corrodes the metallic silver behind. The utmost care 
must be taken in all Da^erreotype processes to have no 
vapors of iodine, or bromine, or chlonne about the cameiia 
or other apparatus ; they possess the quality of effacing 
the effects of light, and the most common source of failure 
among Daguerreotype artists is due to neglecting this 
precaution. 

There are some important difficulties to which the Da^ 
guerreotype is liable. For taking landscapes it is not 
available. Grreen and red coIots impress no change upoa 
it. The order of colors and Ijight and eftiadow is noty there- 
foire, strictly observed* 

Ifentioii some of die later improTements of the proceM ? In this pro* 
cesfl IB iodine set free from die plate ? With what does ^ todine onike 
under the infltieiice of the mercurial yvpar 1 Why ia not the Daguerreo! 
<2^e applicable tolandtcapea ? 
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There are many other photogenic proceesea now known ; 
several have been invented by Mr. Talbot ; among them 
may be mentioned the calotype. Sir J. Herschol, also, 
has disooyered very beautifiil ones, and these possess the 
great advantage over Daguerre's that they yield pictures 
upon paper. In minuteness of efifect they can not, howev- 
er, be. compared to the Daguerreotype. 



LECTURE XXIII. 

Theory of Ideal Coloration. — Imaginary Coloration, 
— Variatiofi in the Cqlors of radiant Beat as the Temper- 
atura^ changes, ^^Ideal Coloration of natural Objects, — 
Fixed Lines in the Spectrum, — Phosphorogenic Rays, — 
Relations of the radiant Principles to the V^etable 
World, — Spectral ImpressioTU. 

In explaining the discoveries made by M. Melloni in 
relation to radiant heat (Lecture XV.), we had occasion 
to observe the difference between the action of glass and 
rock salt in their quality of transparency, and it was stated 
that the phenomenon is due to differences in the nature 
of the heat analogous to the different colors of Bght. As 
these modifications are found also in the Txthonic rays, and 
as neither these nor the rays of heat are visible to the eye, 
I have suggested the use of the term ideal or imaginary 
coloration, as expressing the facts we have now under 
consideration. 

By the* theory of ideal coloration we mean, that as 
there are modifications of light constituting the seven 
primitive colors, red, change, yellow, green, blue, indigo, 
and violet, so, too, there are similar modifications of ^e 
other invisible principles of the spectrum, differing fipom 
each other by the length of the Waves which constitute 
them; and also, that as, natural bodies exhibit to our 
eyes a variety of colors, so, in the same manner, they> are 
colored as respects these invisible principles, but the col- 
oration under these circumstances is different from their 
colorations for light. 

What ii) tneftttt b^ ideal coloration ? Do natttral bodies portesa colom 
tion for the'other prmciples of die sunbeam as wellius litfht ? Is their ooi 
or the same in these cases 7 
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To make this plain, let us take an illustration : glass 
is colorless and transparent to Kgbt, and allows any kind 
of light-ray to traverse it with facility ; but to heat, com- 
ing fr6m sources of a low temperature, it i& wholly opaque. 
And this arises from the circumstance that the rays of heat 
which come from such a source are constituted of short 
waves, and therefore bear an analogy to violet light» 
while glass acta toward the heat as a ruddy or orange-col- 
erred medium. The reason, therefore, tlu^ this heat of 
low temperature can not go through glass is because it is 
of a violet color, while the glass is red. But as the tem- 
perature rises, calorific rays of other tints begin to be 
emitted, yellow and red successively, and these easily find - 
passage through the medium. 

To the rays of heat, rock sak is a white body,^ glass 
orange, and alum deep red. The color of these bodies 
for heat is not the same as their color for light ; and as 
the eye can not detect the phenomenon directly, we speak 
of it as imaginary or ideal coloration. 

Radiant heat undergoes polarization after the mannet 
of light ; the wave mechsinism is the same in both cases. 

The Tithonic rays, also, exhibit jdl the phenomena due 
to imaginary coloration, and they tany therefore be spoken 
of as violet, yellow, green. Hue Tithonic ray^. To them 
the various objects m nature have a peculiar coloration^ 
The bromide of silver is yellowish- white as respects light, 
but black to these rays. 

As respects the fixed lines discovered in the luminous 
spectrum, as represented in Fig. 59, they also occur in 
the impressions left upon sensitive surfaces on which the 
spectrum is received, as was discovered by M. Bequerel 
and myself about the same time (1842). In this instance, 
however, they are fer more numerous, and occur in groups 
of many hundreds beyond the visible limits of the violet 
ray. 

It has already been mentioned that therois associated 
with the light derived from shining sources an invisible 
principle, which causes the phosphorescence of many 
bodies. Thus, if oyster-shells be calcined with sulphur 

Why does glass change its transparency for radiant boat ? Wliat i»- 
the color of rock salt, alum, and dass for beat ? Can radiant beat be po- 
lamed? What is the color of bromido of silver for light rays tod Ti- 
thomc rsvs respectively 7 Can the fixed lines be obtained on lensitivf 
■vfaces 7 Qive some instanced of Dhosphorcscaiit bodi»w. 
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and exposed to the sun, they shine for a considerable time 
after in the dark. Nor does it require that the time of 
exposure should be protracted ; the Bash of an electric 
spark is sufficient. But, what is y^rj remarkable in this 
case, the rays which excite the phosphorescence can not 
pass through a piece of colorless glass ; to them it is qiute 
opaque. The experiments of Mr. Wilson show that a 
great number of bodies not commonly supposed to be 
phosphorescent are so in reality ; that for a few moments 
after they have been exposed to die sun, they emit a phos- 
phorescent light. Thus, a she.et of writing paper, on which 
a key had been laid, having been exposea for a few mo- 
ments to the sun, on being suddenly removed to a dark 
room emitted a pale light, the shadow of the key being 
perfectly visible. Even the hand, after being dipped in, 
the sunshine, emitted subsequently light enough to. b6 
visible in a dark place. 

The various, pnnciples of which we have been speak-^ 
ing exert no ordinary control over the phenomena of the 
natural world. Thus it is to the influence of light diat 
the vegetable world owes its existence; for plants can 
only obtain carbon from the air while the sun is shining 
on theoA, and it is of that carbon that their splid structures 
are chiefly formed. It has been a question to which prin- 
ciple this effect is due ; but, in 1843, 1 proved that it is 
the yellow light which is involved. Dr. iPriestley discov- 
ered that the leaves of plants will effect the decidmposi- 
tion of carbonic acid gas under water ; >and on immersing 
tubes filled with water holding this gas in solution, and 
containing a few gre^i leaves, I found that at the blue 
extremity of the spectrum no effect whatever took place, 
while decomposition went on rapidly in the yellow ray. 
It is light, in contradistinction to other principles, which is 
the agent producing this result, and of its colored modifl- - 
cations the yellow fay is the most active. 

As connect<ed with the minute changes of surface which 
are effected when the different radiant principles fall upon ^ 
bodies, as in the instance of the Daguerreotype, we may ; 
here allude to the formation o£ spectral impressums, which, 
though invisible, may be brought out by proper processes. 

What u the relation cf light to the vegetahle world ? What color forms 
me active ray ? What was D^. Priestley''" diacoTcry ? What is meant 
*>y spectral impressions ? - 

C 



ELECTRICITY. ' '- \fl 

One of tliese I described several years' ago* Take a piece 
of polished metal, glass, or japanned tin, the temperature 
of which is low, and having laid upon it a wafer, coin, or 
any other such object, breathe upon the surface ; aUow 
the breath entirely to disappear ; then toss the object off 
the surface and examine it minutely; no trace of any 
thing is visible, yet a spectral impression exists on that 
surface, which may be evoked by breathing upon it. A 
form resembling the object at once appears, and, what Is 
very remarkable, it may be called f&rth many times in 
succession, and even at the end of many months. Other 
instances of the kind have subsequently been described 
by M. Moser; 



LECTURE XXIV. 

EtBCTBicrTY.—- Ftr«^ Observations in Electricity. •^-J/e' 
scription of Electrical Machines, — The Spark a Test of 
Electrical Excitement. — Repulsion ^Electrified Bodies. 
— Simple Means of Exdtenient. — Conductors and Non- 
conductors, — Insulation. — Electric Effects take place 
through Glass. — Medicated Tubes. 

It was observed, ^ix hundred years before Christ, that 
a piece of amber, when rubbed, acquired the quality of 
attracting light bodies. This fact remained without value 
for more than two thousand years, a striking memorial of 
the barren nature of the philosophy of those times. With- 
in the last two hundred years it has given birth to an en- 
tire group of sciences, and established the existence of a 
great imponderable principle, which, from the Ghreek 
word TjXeKTpov, signifying amber, has taken the name 
Electricity. 

The catalogue of substances in which electric develop- 
ment can be produced was greatly increased by Gilbert, 
who showed tnat glass, resin, wax, and many other bodies, 
are equally effective as amber. To his successors we owe 
the electrical machine, an instrument which enables us 
readily to demonstrate the properties of electricity. 

Give an example. What was the first ohservation made in elodricity ? 
Fran what does the agent derive its name T 



F.LECTRICAL MACHINES, 



f\yr-71. 




Electrical machines are of dif- 
ferent kinda. They may, how- 
ever, be divided into plate and 
cylinder machines. These instru- 
ments are respectively represent- 
ed in Fig, 71 and Fig. 72. In 
each of them there are three dis- 
tinct portions. First, a piece of 
glass, the shape of which differs 
in different cases ; in Fig. 71 it 
is a circular plate, in Fig. 72 a 
cylinder ; and from these the in- 
struments take their name. Sec- 
ond, the rubbers, made of silk or leather, stuped with 

hair : the office of these is 
^^' ^^' to press lightly on the glass 

as it turns round, and pro- 
Muce friction. Third, a 
brass body, of a cylindri- 
cal or rounded shape, but 
with points on that portion 
of it which looks toward 
the glass. It is support- 
ed on glass props, and is 
tel-med the prime conduct- 
or. Some mechanism, such as a winch, is required to 
turn the glass on its axis ; and when it is desired to bring 
the machine into activity, all the parts of it having been 
made thoroughly clean and dry by rubbing with a piece 
of warm silk or flannel, a little Mosaic gold or amalgam 
of zinc being spread on the rubber, as soon as the winch 
IS turned the instrument becomes excited. 

One of the most striking manifestations of electrical 
development is the spark ; this, which must have been 
often seen when the back of the domestic cat is rubbed on 
a frosty night, was first discovered in the case of glass or 
sulphur, by Otto Guericke, and by him refeired to its 
proper source, electric excitement. On presenting a brass 
*' ball or the finger to the prime conductor of the machine, 
the spark passes, attended with a slight report. It may b© 

What varieties of electrical machines have we 1 What are the three 
•■■ential parts of these machines? What is the robber? What ifl th9 
prime oooductor? How is the machine excited? 




ELECTRICAL LIGHT AND RSPULSIOH. 09 

very beautifully shown by pastiDg ^V.rs. 

small pieces of tin foil round a glass f j m^^^^ y v>\>^ ^^ j< ? ^^ 
tube in a spiral form, as shown in a b ^^^^^7 

Fig, 73, abc, distances of the twentieth of an inch inter- 
vening between each piece, And the ends of the tube ter- 
minated by balls. On presenting one of these balls to the 
prime conductor, and holding the other in the hand, as 
the spark passes, it has to leap over each interstice be- 
tween the spangles of tin foil, and exhibits a beautiful 
spiral line orlSght. 

By pasting the tin foil on a pane of glass in such a 
way as to direct the spark' p^ 74 

properly; words may be written ^ ^ma m^K^mmm^^t^^mm 
in' electric light, as shown in g i d^=:g =^^= -SiF^^^=^ I 
Fig. 74. |gi==j^-=l=i=^| 

As the electric - spark can ■■^■i^"""i^""i^i*"« 
scarcely be confounded with any other physical phenom- 
enon whatever, its presence is always indubitable evi- 
dence of electric excitement. Thus, we can prove that 
electricity may be transferred to the human body from 
the machine, by placing a man on a Fig. 75. 

stool supported by glass pillars. Fig. 
75. If he touches the prime conductoi; ^ 
with one hand, sparks may be drawn 
from any part of his clothing or body. 
To Otto Guericke, who was also the 
inventor of the air pump, we owe another of the most im- 
portant discoveries in electricity : that bodies ^^ ^^ 
which have touched an excited substance are 
subsequently repelled by it; thus, if we rub 
a glass tube. Fig. 76, a, until it becomes elec- 
trified, and then present it to a feather, 5, 
jvg.. 77. suspended by a silk thread to a 
^and, Cf the feather is at first at- 
tracted, and then immediately re- .. 
felled. ^ <^ 

On this principle, that under certain circum- 
stances repulsion takes place, are founded dif- 
ferent methods for ascertaining the existence 

How may the electric spark be exhibited ? "WTiy may it be used as a 
te«t for electric excitement? Can electricity be transferred fixmi the 
machine to the body ? "WTiat discovery did Otto Ottericke make in elec- 
tricity t How may this property of repulsion be illustnifced ? 






JOO CONUUCiORd AND NON-CONUUCTOKS. 

of electric excitement, when too feeble to cause a spark. 
Thus, two light balls of cork, Fig. 77 (p. 99), a h, sus 
peuded by linen threads so as to hang side by side, as 
soon as they are electrified repel each other. 

It does not, however, require an electrical machine to 
demonstrate the principles of this agent. A piece of stout 
brown paper three inches wide, and a foot long, if held - 
before the fire until it is quite dry and smokes, and then 
drawn between the knee and the sleeve, becomes highly 
excited, especially if the person wears woollen clothing. 
It will yield sparks more than an inch long. 

Let a, Fig. 78, be the termination of the prime conduct- 
Fig. 78. or, and in a hole in it place the long 

—2, ^ d g brass rod ft, terminated by the brass 

■■^ ^ ball €. If the finger is approached to 

the ball, sparks freely pass, showing that along brass elec- 
tricity is conducted ; but if a glass rod of the same diam- 
eter and length, and terminated by a brass ball, be era- 
ployed, not a solitary spark can be obtained, proving that 
glass is a non-conductor of electricity. 

The important fact that substances may be divided into 
two classes, conductors and non-conductors, was first ac- 
cidentally discovered by Dr. Grey, who found that all 
metals and moist bodies are conductors, and that glass, 
resins, wax, sulphur, atmospheric air, are non-conductors. 
In the treatises on chemistry, tables may be found exhibit- 
ing the relations of bodies in this respect. The conduct- 
ing' power of the same substance differs with circumstan- 
ces ; thus, ice and glass are non-conductors, but water and 
melted glass are. conductors. 

We see, from these facts, the explanation oif the struc- 
ture of the prime conductor ; the electricity derived from 
the glass by friction passes easily along the brass portion, 
but can not escape into the earth, owing to the glass sup- 
ports, which refuse it a passage. When a body is thus 
placed upon glass, it is said to be electrically insulated, 
and the process is called insulation. 

Although electricity can not pass through glass. Sir 
[saac Newton found that this substance is no impediment 

By what simple means ma^ electrical experiments be made 7 How 
nay it be proved that brass is a conductor and glass a non-oondoctor 7 
llention some of the leading substances belonging to «ach of these classes. 
Explain the structure of the prime oondnctor. Can electric influencaa 
pass through glass 7 




TWO 8P£CIBS OF ELECTKICITY. IQl 

to the exertion of its influences. Thus, 
in Fig, 79, if a he the hrass ball of the 
prime conductor, any light objects, such 
as bits of pap^: or fragments of cork, 
placed on a metal stand, &, beneath will 
be attracted ; and though a pane of 
glass, c, be placed between a and h, still 
the same phenomenon takes place. 

Soon alter electricity became a subject of popular at- 
tention, it was currently believed, that if medicines of va- 
rious kinds were sealed up in glass tubes, and the tubes 
electrically excited, their peculiar virtues would be exhal- 
ed in such a manner as to impress the operator with their 
specific purgative, emetic, or other powers. Like many 
of the popular delusions of our times, this imposture wb6 
supported by the most cogent evidence, and maladies cur- 
ed publicly all over Europe. Like them, these ** medica- 
ted tubes'' have served to prove the worthlessness of hu- 
man testimony when derived from the prejudiced and 
ignorant. 



LECTURE XXV. 

Theory op Electrical Induction. — Two Specia of 
Electricity. — Tkeir Names. — General Law of Attraction 
and avulsion. — Theory of Induction, — Permanent Ex^ 
citement by Induction. — Takes place through Glass. — 
Illustrative Experiments. 

A VERY celebrated French electrician, Dufay, having 
caused a light, downy feather to be repelled by an excit- 
ed glass tube, intended to amuse himself by chasing it 
round the room with a piece of excited sealing-wax. To 
his surprise, instead of being repelled, the feather was at 
once attracted. On examining the cause of this more mi- 
nutely, he arrived at the conclusion that there are two 
species of electricity, the one originating when glass is 
excited,^ and the other from resin or wax. To these he 
gave the names of vitreous and resinous electricity, thus 

What wan formerly meant by medicated tubea ? Hovr was it first dii* 
oorered that there are two species of electricity 7 What namea have 
been civen to tiiese electricities 7 

12 
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pointing out their oiigin ; they are also called, for reasons 
which will be given hereafter, positive and negative elec- 
tricities. 

He found that these different electricities possess the 
same general physical qualities ;* they are self-repulsive, 
but the one is attractive of the other. This is readilj 
proved by hanging a feadier by a linen thread to the prime 
conductor of the machine, and, when it is excited, bringing 
near to it an excited glass tube. The feather is already 
vitreously electrified, and the tube, being in the same con* 
dition, at once repels, it ; but a stick of excited sealing- 
wax being resino'udly electrified, that is to say, in the 
opposite condition to the feather, at once attracts it. 
Two cork balls, as in Fig. 17, suspended by conducting 
threads^ always repel one another when both are excited 
either vitreously or resinously ; but if one be vitreous and 
the other resinous, they atti'act 

These various results may all be grouped under the 
following general law, which includes tihe explanation of a 
great mwciy electrical phenomena. Bodies electrified dis- 
similarly attract, and bodies electrified similarly repel ; or, 
more briefly, like electricities repel, and unlike ones attract 

There are many ways in which electrical excitement 
can be developed : in the common machine it is by fric- 
tion ; in the tourmaline, a crystallized gem, by heat ; and in 
other cases by chemical action and by conduction. Elec- 
trical disturbance also very often arises from induction. 

By the term electrical indiLction we mean that a body 
which is already excited tends to disturb the condition of 
others in its neighborhood, inducing in them an electric 
condition. 

Thus, let fl, Fig. 80, be the terminal ball of the prime 

Fig.^. conductor, and a few inches 

/^ flV *^^ ^®^ there be placed a sec- 

» °H^ c\ ondary conductor, b c, of brass 



< 



supported on a glass stand, and 

at each extremity, b and c, of 

the conductor, let there be ar- 

tfJU ranged a pair of « cork balls 

what are tiieir physical qualities ? How may this self-repnlsion and 

mataal attraction be proved ? What is the general law of electric attrac- 

tionfl and repalsums ? In what ways may electric excitements be devel- 

ppd 7 What is the meaning of electric induction T Give an ilinatration. 
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suspended by linen threads, as shown in the figure. A» 
soon as the ball, a, is electrified by turning the machine, 
and without any spark passing from it to the secondary 
conductor, the balls will begin to diverge, showing that 
the condition of that conductor is disturbed by the neigh- 
borhood of the excited ball, a. 

It will farther be found, on presenting an excited piece 
of sealing wax to the pairs of cork balls, that one set is 
attracted, and the other repelled. They are, therefore, in 
opposite electrical states. The disturbing ball is vitre- 
ously electrified, and that end of the secondary conductor 
nearest it is resinous, the farther end being vitreous. If 
the disturbing ball, a, be now removed, the electric dis- 
turbance ceases, and the corks no longer diverge. 

These phenomena of electric induction are not depend- 
ent on the shape of bodies. Let there be 
two flat circular plates, a b, Fig, 81, sup- 
ported on glass stands, and set a few inches 
apart, looking face to face. Let one of them, 

a, be electrified positively by contact with 
the prime conductor, as indicated by the 
sign + ; it immediately induces a change 
in the opposite plate, the nearest face of ' 
which becomes negative — , and the more distant, positive. 
It is evident that this disturbance is a consequence of the 
law, that "like electricities repel, and unlike ones attract.'* 
In the plate ft, both species of electricity exist, and a be- 
ing made positive, even though at a distance, exerts its 
attractive and repulsive agencies on the electric fluid of 

b, the negative electricity of which it attracts, and draws 
near to it ; the positive it repels and drives to the farthest 
side ; so that the disturbed condition of the body J is a 
result of the fact, that a being electrified positively, will 
repel positive electricity and attract negative. 

Now let the plate b be touched by the finger, or a 
channel of communication opened with the earth ; the 
positive electricity of a stiH exerting its repulsive agency 
on that of ft, will drive it into the ground, and ft will now 
become negative all over. 

Let ft be once more insulated, by breaking its commu- 

In a secoudary conductor distarbed by aa electrified body, wbat are the 
conditions of its ends? What is the cause of this disturbance ? How 
may we by induction permanently electrify a body 1 
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nication with the ground, and let a be removed; A wiil 
now be found that h is permanently electrified, and in the 
opposite condition to a. 
hj manipulating in this manner, we can, therefore, ef- 
f^. 8S. feet a permanent disturbance in the condition 
' ^ of an insulated body, by bringing an excited one 
I in its neighborhood. 

I In these changes, the intervention of a piece 
of glass makes no difference. Let a circulai 
plate of glass, a. Fig, 82, be set so as to inter 
vene between the metallic plates, a and b, and 
still all the phenomena occur as before. Elec 
trie induction, therefore, can take place through glass. 
f^ g, On the principles of induction, and of electric 
attraction and repulsion, many very interesting 
experiments may bo explained. The foUowing 
may serve as examples : To the ball of the prime 
conductor. Fig. 83, let there be suspended a cir- 
cular plate of i^rass, a, six inches in diameter, 
horizontally, and beneath it another plate, h, 
supported on a conducting foot, parallel and at a 
distance of three or four mches. On the lower 
plate, b, place slips of paper or of other light 
substance, cut into the fi^re of men or animals. On set 
ting the machine in motion, so as to electrify the upper 
plate, the objects move up aad down with a aancing mo- 
tion; and the cause is obvious: the plate a being posi- 
tive, repels by induction the positive electricity of the 
figures through the conducting stand into the earthy and 
thus, they being rendered negative, are attracted by the 
upper plate ; on touching it, they become electrified posi- 
tively like it, and then are repelled, and fall down to dis- 
pfg^ 84 charge their electricity into the ground, 

^T^ and this motion is continually repeated. 

^c^^-. Upon a horizontal brass bar, a b^ Fig. 
^^ ' 84, three bells are suspended, the outer 
ones at a and b by chains, the middle 
A\ s 4\ °^® at c by a silk thread. Between the 
^ ^ bells, the metallic clappers, d e, are sus- 
^ pended by silk, and from the center bell 

Can electrical indnction take place through glass 7 pescribe the ex- 

Kriment of the dancing figares, and explain the principles involved in it. 
Mcribe the experiment of the beUs, and the canse of their ringing. 




r 
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tbe chain f extends to the tahle. On hanging the ar- 
rangement by the hook at ^ to the prime conductor, the 
bells ring ; the clappers moving from the outer to the cen- 
tral bell and bstck, sdtemately striking them. 

On a pivot, a, Fig, 85, suspend a bell jar having four 
pieces of tin foil pasted on its ng.^. 

sides, h c d; connect the jar, by 
means of the insulated wire y, with 
the prime conductor, so that the 
pieces of tin foil may receive 
sparks. On the opposite side ar- 
range a conductor, a;, in connection 
with the ground by a chain. On 
putting the machine into activity, 
theiar will commence rotating on its pivoL 

l^ake a cake of sealing wax or gum lac, eieht or ten 
inches in diameter, and receive on its surface a tew sparks 
from the^ prime conductor by bringing it near the ball. 
Then blow upon its surface from a small pair of bellows, 
a mixture of flowers of sulphur and red-lead, which have 
been intimately ground ^together in a mortar. This mix- 
ture is of an orange color, but the moment it impinges on 
the cake it is, as it were, decomposed ; the yellow sulphm 
settling on one portion, and the red-led on another, giv 
ing rise to very curious and fantastical figures. 




LECTURE XXVI. 

Laws of the Distribution of Eleotricity, and thb 
General Theories. — Distribution of Electricity 4 — On 
a Sphere, — Ellipsoid. — Action of Points, — Franklin^s 
Discovery of the Identity of Electricity and Lightning 
— The Ley den Jar. — The discharging Rod, — The Eler 
trie Battery, 

When electricity is communicated to a conducting body, 
it does not distribute itself uniformly through the whole 
mass, but exclusively upon the surface ; thus, if to the 

ExpUdn the urangement and caxuie of inoTement of the rotatory jar. 
How may powder ofsTilphtir aad ro'^ load mixed tofipether be separated t 
Doea electricity dirtrilmte itaelf on i:.. surface or in ttie interior of bodiei • 



1 
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Fig. 8ft. spherical ball a. Fig. 86, supported 

^ _g: g^ on aR insulating foot, b, there be 

^M ^^^ ^kj adjusted twp hemispherical caps, 

'^ ^^^ pF <? <?> ^1^^ oi^ insulating handles, it 

^^ may be proved that any electricity 

communicated to a distributes itself 

entirely on its, surface; for if we 

place upon a the caps c c, and then remove them, it vrill be 

found that every trace of electricity has disappeared from 

a, and has accumulated, on the caps, which, while they 

were upon the ball, formed its superficies. 

Again, if we take a large brass ball, a, Fig, 87, 
supported on an irisuluting stand, and having on 
its upper portion an aperture, ^, through which 
we may have access to its interior, it will be found, 
en examination, that the most delicate electrom- 
eters can discover no electricity within the ball, 
the whole of it being on the external superficies. 
In the case of a spherical body, not only is the 
distribution, entirely superficial, but it is also uni- 
form ; each portion of the sphere is electrified alike. But 
where, instead of a spherical, \Ve have an ellipsoidal body, 
it is different ; thus, if we examine the condition of such 
a conductor. Figure 88, the quantity 
of electricity in its middle portion, 
as at a, will be the smallest, and 
it increases as we advance toward 
the ends, b and c; and in different 
ellipsoids, as the length becomes 
greater, so the amount of electricity 
^ound on the extremities is greater. 
When, therefore, a conductor of an 
oblong spheroidal shape is used, the intensity of the elec- 
tricity at the extremities of the two axes, a d and b c,Fig. 
88, is exactly in the proportion of the length of those axes 
themselves ; and should the dispropoition in length and 
breadth of the conducting body be very great, as in the 
case of a long wire or other pointed body, a very great 
concentration will take place upon the points. On this 

How may its superficial distribution be proved 7 In tbe interior of an 
electrified hoUowball, does any electricity exist? On a spherical body 
is- the distribntion uniform ? How is it on an ellipsoid ? Whep the dis- 
proportion of the axes of the ellipsoid is srreat, what is the distribution 7 
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principle we explain the effect of pointed bodies on con- 
ductors : if the prime conductor of the machine have a 
needle or pin fixed upon it, the electricity escapes away 
into the air, visibly in a dark room ; and in the same way, 
if pointed bodies surround the electrical machine, it can 
not be highly excited, as they rapidly take the charge from 
its conductor. 

At a very early period electriciens had observed the 
close similarity between the plienomena of the electric 
spark and those of lightning, but in the year 1752 Dr. 
Franklin proved that they were identical. He was waiting 
for the erection of the spire of a church in Philadelphia, on 
the extremity of which he intended to raise a pointed metal 
rod, with a view of withdrawing the electricity from the 
clou^, when the accidental sight of a boy's kite suggested 
to him that ready means of obtaining access to the more 
elevated regions of the air. Accordingly, having stretched 
a silk handkerchief over a light wooden Cross, and ar- 
ranged it as a kite, he attached to it a hempen string ter- 
minating in a silk cord, and, taking advantage of a thunder 
Btbrm, raised it in the air ; for a time no result was ob- 
tained, but the string becoming wet by the rain, and there- 
by rendered a better conductor, he.perceived the filaments 
which hung upon it repelling one another, and on present- 
ing his knuckle to a key which had been tied to the end 
of the hempen string, received an electric spark. The 
identity of lightning and electricity Was proved. 

Franklin soon made a useliil application of his discov- 
ery ; he proposed to protect buildings from the effects of 
lightning by furnishing them with a metallic rod, pointed 
at its upper extremity and projecting some feet above the 
highest part of the building, and continuously extending 
downward until it was deeply buried in the ground. This 
contrivance, the lightning rod, is. now, as is well known, 
extensively applied. 

There are two theories respecting the nature of elec- 
tricity : 1st, Franklin's theory, which assumes that there 
is but one fluid ; 2d, the theory of two fluids, called also 
Dufay's theory. 



How may we explain the effect of pointed bodies? Under what c^ 
cmnatances was the discovery of the identity of hghtnini^ andelectncHy 
made? What is the lightning rod? What thednes of electncity hw 
heen introduced ? 
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Franklin's theory is* that there exists dirou^out ali 
•pace a subtle and exceedingly elastic fluid, called the 
electric fluid, the peculiarity of which is, that it is repuls- 
ive of its own particles, but attractive of the |>articles of 
other matter; that there is a specific quantity of this 
fluid which bodies are disposed to assume when in a nat- 
ural condition or state of equilibrium ; and that, if we com- 
municate to them more than their natural quantity, they 
become positively electrified; or, if we take from a portion 
of that which is natural to them, they become negatively 
electrified. 

Dufay's theory is, that there exists throughout all space 
a universal medium, called the electric fluid, of vdiich 
the immediate properties are unknown, but which is com- 
posed of two species or varieties of electricity, the vitreous 
and resinous, called also the positive and negative ; that, 
as respects itself, each of these electricities is repulsive, 
but attractive of the other kind ; and that, when they co- 
exist in equal quantities in a body, it is in a neutral state 
or condition of equilibrium, but it the positive or negative 
electricities are in excess, it is accordingly positively or 
negatively electrified. 

In some respects the theory of two electricities has ad- 
vantages over that of one; by it several phenomena can be 
explained which are diflicult of explanation by the other. 
Anoong such may be mentioned the repulsion of negatively 
electrified bodies, and the distribution of negative elec- 
tricity on the surface of conductors, which is the same as 
that of positive. 

On the principles of either of these theories we can 
see how it is that we can never produce one kind of elec- 
tricity without the other simultaneously appearing. In 
the con^mon electrical machine, if the revolving glass is 
positively electrified, the rubbers which produce the fric- 
tion are negative ; in the tourmaline, if one end of the 
crystal, when warmed, becomes positive, the other end is 
negative. The two varieties must be always co-ordinately 
generated. 

In 1745 the Leyden jar was discovered. This consists 
of a glass jar,^ Fig, 89, coated on its inside with a piece 

^ What is Franklin'g theory ? What is the theoi^ of Dufey f In what 
twints does the latter appear to be more correct than the former ? Whv 
ttv both eleetricities always prodacad tog^ether? 
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of tin foil within an inch or two of its upper ^' ^ 
edge, and also on its outside to the same point ; 
through the cork which closes the mouth of 
the jar, a brass rod, terminated by a balj, 
passes ; the rod reaches down to the inside 
coating and touches it. On holding this in- 
strument by the exterior coating, and pre- 
senting its ball to the prime conductor, a tor- 
rent of sparks passes into the jar ; and when | 
it is fully charged, if, still retaining one hand 
in contact with the outside, we touch the ball, a bright 
spark passes, with a loud snapping noise, and the operator 
receives through his arms and breast what is called the 
electric shock. 

If we take the discharging rod^ Fig. 90, consisting f^^ jq, 
of two brass arms, a a, terminated by balls working 
on a joint, h^ and supported by an insulating handle, 
c, by bringing one of its balls in contact with the 
outside coating of a Leyden jar, and its other ball 
with the ball of the jar, the discharge will take place 
as before, but th"B operator, protected by the glass 
handle, receives no shock. 

If between the outside coating of a jar and one of 
die balls of the discharging rod, a piece, of card- 
board is made to intervene, and the spark passed^ 
the card will be found to be perforated, a burr being raised 
on both sides of it, as though two threads had been drawn 
through the hole in opposite di- 
rections at the same time; and 
from this an argument in favor 
of the theory of two fluids has 
been drawn. 

When a great number of jars 
are connected together, so that 
all their inside coatings unite, 
and all their outside coatings are 
also in contact, they constitute 
what is termed an electric bat- 
tery, as seen in Fig. 91. By this 



Fig. 91. 




Describe the stractiire of the Leyden jar. How may it be used t 
Describe the discharging rod. How is it used ? What is the efl^ect when 
mie discharge is passed uirongh a piece of card-board ? Describe the olec 
trie battery. 
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instrument many of the more violent effects of electricity 
may be illustrated, such as the splitting of pieces of wood 
and the ignition and dispersion of metallic wires. 




LECTURE XXVII. 

Electrical Instruments and Faraday's Theory of 
Electric Polarization. — Theory of the Leyden Jar, 
— Quadrant, Gold-leaf, and Torsion JEledrometert. — 
Theory of Electric Polarization, — Specific Luluciivt 
Cap€tcity. 

The oflSce which is discharged by the metallic coatings 
fHg. 02. of a Leyden jar is illustrated by the apparatus, 
Fig, 92. It consists of a conical glass jar, to 
the interior and exterior of which movable coat- 
ings of thick tin plate are adapted, the interior 
one having a rod and ball projecting from it. 
This mayl>e chargecf like any other Leyden vial, 
but on taking off its outside coating and remov- 
ing its interior, they naay be handled and 
brought in contact with each other, and no spark 
passes ; but on restoring them to their former position, 
and applying the discharging rod, the jar is discharged. 
They therefore only serve to make a complete conducting 
communication between all parts on the interior and all 
on the exterior of the jar. 

The condensing action of the Leyden vial, which ena- 
bles it to hold so large a quantity of electricity, is due to 
induction. When the inner coating is brought in contact 
with the prime conductor, it participates in its electrical 
condition. We may therefore suppose it to be positively 
electrified. The positive electricity of the interior, de- 
Composing the electric fluiJ of the outside coating, repels 
its positive electricity. into the earth ; for to charge a Ley- 
den vial the outside coating is placed in communication 
with the ground. It therefore appears that the inner coat- 
ing is positive, the omter negative, and the whole jar, view- 



What is the office of the coatings of the Leyden jar ? How may t&ls 
be proved I To what caase is the condensing action of the Leyden jar 
dae ? What is the action of the positive electncity deposited on tne inner 
«oating, on the electric (laid of the outer ? 
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ed together, is in^ the neutral condition. The interior 
coating continues, under these circumstances, to receive a 
faither charge from the prime conductor by induction 
through the glass ; thb again repels more of the same 
kind, the positive, into the ground, and the negative accu 
mulejtes as before. In this manner an indefinite quantity 
might be accumulated, were it not for the fact that, owing 
to the distance which intervenes between the two coatings, 
by reason of the thickness of the glass, the quantity of 
positive electricity in the interior is never precisely neu- 
tralized by the quantity of negative on the exterior, for 
all inductive actions enfeeble as the distance increases. 

The action of the Leyden vial may be illustrated by the 
following experiments : within an Fig. 93. 

inch of the ball, a, of the prime con- ^ ^ 

ductor, Fig, 93, bring a secondary ^ ^mmmmmimalt 
conductor, b\ supported on an insu- 
lating stem, c, and on putting the 
electrical machine in activity, two ji 

or three sparks wi,ll pass from a to 4rS 

6, but after that no more. The cause of the refusal, oo the 
part of the secondary conductor, to. receive any farther 
charge is obviously due to the fact that the electricity 
which is already communicated to it repels that upon the 
ball, a, and prevents the passage of any more. 

If now we take a Leyden jar, b, Fig, 94, and having 
insulated it on a stand, bring it within a 
short distance of the ball, a, of the prime 
conductor, it in the same manner will 
only receive a few sparks. But if we 
place a conductor, c, which is connected 
with the ground, near to the outside coat- 
ing, it will be found that for every spark 
that passes between a and b one passes 
between the outside coating and c, and 
the sparks follow each other in rapid suc- 
cession, until the jar becomes fully charged. From this, 
therefore, wa gather, that while positive electricity is 

"Why must the outer coating be in connection with the ground ? Why is 
the charge of the jar limited 1 What is the reason that a secondary insu- 
lated conductor refuses to receive more than two or three sharks ? When 
the Leyden jar is insulated, can it be charged ? On brmging a conduct 
or in connection with ibe ground, near me outer coatizig, what is th« 
reanlt? 
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passing into the interior of the jar, it is escaping from tlie 
exterior, and that the reason the jar condenses is because 
its sides are in opposite conditions, the positive electrici- 
tj of the interior being nearly neutralized by the nega- 
tive electricity of the exterior. 

f^.w. Electrometers are instruments for measuring 
^cf the intensity of electric excitement. The cork 
^^2 halls, which were represented in Fig, 77, are one 
£^H of the most simple of these contrivances. The 
I^^H distance to which they will diverge is a rough 
^^B measure of the intensity of the electric force. 
I The quadrant electrometer depends essentially 
^ on the same principles. It consists of an up- 
right stem of wood, Fig, 95, to which is affixed 
a semicircular piece of ivory, from the center 
of which there hangs a light cork ball playing 
upon a pivot. When this instrument is placed on the 
prime conductor or other electrified body, the stem par- 
ticipates in the electricity, and repelling the cork ball 
which hangs in contact with it, the amount of repulsion 
may be read off on the graduated semicircle ; but it is 
obvious that the number of degrees is not expressive of' 
the true electrical intensity, and that no force, no matter 
what its intensity may be, can ever repel tho ball beyond 
ninety degrees. 

FifT on. The gold-leaf electrometer, Fig, 96, 

consists of a glass cylinder, a, in which 
two gold leaves are suspended from a 
conducting rod terminated by a ball or 
plate b. On the glass opposite the leaves 
pieces of tin foil are pasted, so that when 
the leaves diverge fully they may dis- 
charge their electricity into the ground. 

This is a very delicate instrument for 

discovering the presence of electricity, but the torsion 
electrometer of Coulomb is to be preferred v^hen it is re- 
quired to have exact measures of the quantity. 

Coulomb's electrometer consists of a glass cylinder, o, 
Fig. 97, upon the top of which there is fixed a tube, b, 
m the axis of which hangs a glass thread, b a, to the 

Describe the cork ball electrometer. Degcribe the quculrant electrome 
•*': Why doe« the quadrant electrometer give hiaccurate indicatioos ? De- 
■cnbe the gold-leaf electrometer. Describe Ck)iilomb'8 toniion electrometer 




THE TORSION ELECTROMETER. 
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lower end of which a small bar of gum lac, c, with a 
gilt pith ball at each extremity, is fasten- 
ed. Through an aperture in the top of 
the glass cylinder, another gum lac rod, 
d, with gilt balls, may be introduced. 
This goes under the name of the carrier 
rod. . 

If, now, the lower ball of the carrier 
rod be charged with the electricity to be 
measured, and introduced into the inte- 
rior of the cylinder, as seen in the figure, 
it will repel the movable ball. By taking 
hold of^the button by to which the upper 
end of the glass thread, a, is attached, 
we may, by twisting the glass thread for- 
cibly, bring the carrier ball and the mova- 
ble ball in contact. The number of degrees through which 
the thread requires to be twisted represents the amount of 
electricity. To the button, h, an index and scale are attach- 
ed, not shown in the figure. By this we can tell the num- 
ber of degrees of twist or torsion which have been given 
to the thread. These angles of torsion are exactly pro- 
portional to the quantities of electricity. 

Many of the fundamental phenomena of electricity have 
been explained by Dr. Faraday upon the hypothesis that 
induction is an action of polarization, taking place in the 
contiguous molecules of non-conducting media, and prop- 
agated in curved lines. 

Whatever may be the form or constitution of bodies, 
an electric charge can not be given to them without at 
the same time giving a charge of the opposite kind, but 
of the same amount, to them or other bodies in their vicini- 
ty. This charge is not confined upon their surfacejs by 
the pressure of the atmosphere^ but through the polariza- 
tion of the aerial or solid particles of the surrounding 
dielectrics, producing in them a .charge of the same 
amount, but of an opposite kind. < Thus, if a positively 
electrified ball be placed in the center of a hollow metal- 
lic sphere, the intervening space being filled with atmos- 
pheric air, the charge is not retained upon the ball by the 

WTiat i» the basis of Ptraday's theory of induction? On this theory, 
are charges confiDed by pressure of the air ? Describe the action of an 
electrified ball in the interior of a sphere. 
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pressure of the air, but because eaob aerial particle as- 
sumes by induction a polarity of the opposite kind, on the 
side nearest to the ball, and of the same kiad on the side 
farthest off. This state of force is therefore communica- 
ted to the interior of the hollow sphere, which is electrified 
to the same amount, but of an opposite kind to the balL 
That this polarization of the particles takes place, is 
shown by the position which small silk fibres or spangles 
of gold assume when placed in oil of turpendne, through 
which induction is established. £ach particle disturbs 
not merely that which is before it or behind it, but it is in 
an active relation with all surrounding it, and hence the 
polarity can be propagated in curved lines, and induction 
take place round comers and behind obstacles. 

On these principles, we can easily account for the dis- 
tribution of electricity on spherical or ellipsoidal conduct- 
ors, the repulsion of bodies similarly electrified, the con- 
. densing action of the Leyden vial, and many other similar 
phenomena. 

By a variety of experiments. Dr. Faraday has pi-oved 
that inductive action takes place in curved lines, the di^ 
rections of which can be varied by the approach of bodies. 
He has also shown that the particles of solids, as gum lac, 
glass, &c., assume this character of polarity. Non-con- 
ducting bodies, through which the action of induction 
Fig. 98. takes place, are called dielectrics, and each 
a, h c ^^ them has a specific inductive capacity. 
Thus, if three metallic plates, a b c, Fig, 
98, be insulated paralM to each other, at- 
mospheric air intervenii^ between a and b, 
and a plate of gum lac between 6 and c, the 
J L J i _JL inductive action of the gum lac will be 
found to exceed that of the air. The fol- 
lowing table gives some of these results : 

Inductive capacity of air « . . 1*00 

" " glass . . .* 1-76 

" ** lac 2*00 

" sulphur 2-24 

All the gases have the same inductive capacity, whoever 

J)oes induction take place in straight or curved lines ? Can the parti* 
cles of solid bodies be polarized? What are dielectrics? What is 
tneant by the specific inductive capacity of dielectrics ? " Of air, glass, and 
■ulphur, what are the inductive capacities T What is the case with gas 
eous bodies ? 
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their density, elasticity, temperature, or hygrometric con- 
dition may be. 

The electrophorus is an instrument which depends for 
its action on induction, and is of frequent use in chemis- 
tty. It consisls of a cake of gum lac or Fig. w. 

sealing wax, b. Fig, 99, on which is placed ^ 

a 6at metallic pla/te, a, with an insulating 
handle, c. On exciting b with a piece of 
warm flannel, it becomes negatively elec- 
tric, and a being placed on it, and the 
finger brought near, a negative spark, 
driven from a by the repulsive influence of 3, is received* 
On lifting a by its insulating handle, a positive spark is 
obtained ; on putting it down on d, a negative one. And 
in this manner we may obtain an unlimited number of 
sparks ; positive ones when a is lifted, and negative ones 
when it is down. A little reflection will show that none 
of this electricity comes from the excited cake b, but is 
merely the effect of its inductive influence on the electric 
condition of the metallic plate, a. The electrophorus may 
be used when the weather is too damp for the common 
machine to work. 




LECTURE XXVIII. 

Voltaic Electricity. — Of Electricity in Motion. — Std- 
zer*s Experiment. — Gdhanfs Discovery, — VoIta*s The» 
ory, — Water is a compound Body, — Description of a 
timple Voltaic Circle and its Properties. — Direction of 
the Current — Different Kinds of Combinations, — Use of 
Sulphuric Acid, — Origin pf the Electricity. 

During the last ceptury, a German author of the name 
of Sulzer observed, that when two pieces of metal of dif- 
ferent kinds, as silver and zinc, are placed one above and 
the other beneath the tongue, as ofiten as their projecting 
ends are brought in contact a remarkable metallic taste is 
perceived. To explain this result, ho suppcised that some 
kind of vibratory movement was excited in the nerves of 
ehe tongue. It is the first recorded pnenomenon attributa- 
ble to Voltaic electricity. 

Describe the electrophonw ? Wliat fact was fint deacribed in Voltaic 
electricity' ? 
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In the year 1790, Galvani, an Italian anatomist, observ- 
ed the contractions which ensue when a metallic commu- 
nication is made between the nerves and muscles of a 
dead frog; he found, that if a single metal is employed as 
the line of communication, contractions of the muscle take 
place whenever the metal reaches from the nerve to the 

muscle ; but that if two pieces 
of different kinds are used, the 
contractions are much more 
energetic. Thus, if we take 
the skinned hind legs of a frog. 
Fig, 100, hanging together by 
a piece of the spine, around 
which tin foil has been twist- 
ed, every time that we simul- 
taneously touch the tin foil and 
^e muscle with a bent copper wire, or with a copper and 
zinc wire, C Z^ conjointly, a convulsive contraction takes 
place. 

To explain this effect, Galvani supposed that the mus- 
cular system of animals is constantly in a positively elec- 
trical state, while the nervous system is negative; In the 
same manner, therefore, that^ a discharge takes place in 
the case of a Leyden vial, when a line of communication 
is opened between the two coatings, the muscular con- 
tractions in this case are to be accounted for. For some 
time these phenomena went under the name of animal 
electricity ; they subsequently have received the designa- 
tions of G-alvanism and Voltaic electricity. 

But Volt^ another Italian philosopher, was led to sup- 
pose that the cause of this remarkable result is not due to 
any peculiarity of the animal system, but to the contact 
of the pieces of metal employed. This led to the inven- 
tion of the Voltaic pile, an instrument which has achieved 
a complete revolution in chemistry. 

It is interesting to remark what great results may, in 
the hands of a true philosopher, spring from the most in- 
significant observations. The convulsive spasms of a 
frog's leg have ended in showing that the entire crust of 
the earth is made up of metallic oxides, have revealed the 

What was the fact digcovered hy Galvani? In what maimer did hi 
e»^iun It ? Under what names did these phenomena successively pass' 
What was Volta's supposition ? 
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myBtery why the magnetic needle points to (he nortb^ 
and revolutionized the science of chemistry. 

What we have already said in the foregoing Lectures 
respecting electricity refers chiefly to that agent in a ma> 
cionless or stagnant state, as the mode of its distribution 
on coaductors, the action of the Ley den vial, &c. The 
phenomena of Voltaic electric!^ are those which arise 
from electricity in a state of motion. 

From the great advances which these sciences have re- 
cently made, we are able to present the various topics in- 
volved in a much clearer way than by merely tracing 
them in a historical sketch. I shall not, therefore, pur- 
sue the order in which these facts wero successively dis- 
covered, but present them in what now appears the sim- 
plest manner. 

It is to be admitted, though of that abundant proof 
will soon be given, that water is not a simple, but a com- 
pound body ; that it consists of two elements, oxygen and 
hydrogen gases. It is also to be understood tbat metallic 
zinc may be amalgamated or united with quicksilver, by 
patting it in contact with that fluid metal, under the sur- 
face of dilute sulphuric acid. Strips of zinc thus amalga- 
mated exhibit a pure metallic brilliancy. 

If^ now, we take a strip, of amalgamated zinc, an inch 
wide and three or four inches long, and a piece f^ ]0|, 
of clean copper of similar size, z and c, Fig. 
101, and placing them side by side in a glass, y^ 
containing water slightly acidulated with sul- 
phuric acid, we have one of the forms of a sim- 
ple Voltaic circle. In this, it is to be observed, . 
that so long as the metallic plates remain with- 
out touching each other, no remarkable phe- 
nomenon appears I but if we take a metallic rod, d^ and 
let it connect the top of the zinc and copper together, a 
series of new facts arises. 

First, from the surface of the copper, bubbles of gas are 
evplved; they are minute, but so numerous as- to make 
the water turbid ; if collected, they are found to be hydro- 
gengas, ' . ■ . 

What is the difference between common and Voltaic elecltricity 7 Is 
water a simple or a compoand body t What is meant by amalgamated 
rino? Describe a simple Voltaic circle. As \6ng as the plates are not in 
contact, does any phenomenon take place ? On commomcating by a m»> 
ttUic rod, What gaa is evolved from the copper ? 
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Secondly, the plate of zinc rapidly wastes away, as is 
easily proved by weighing it from time to time ; and on 
examining the liquid in the cup, we discover the cause of 
this waste, for that liquid contains oxide of zinc ; coupling 
this fact with the former, we infer that, so long as the me- 
tallic rod, d, is in its place, water is decomposed, its axy- 
genuniting with the ^inc, its hydrogen escaping from the 
copper. On removing the rod, d, all these phenomena at 
once cease. 

Thirdly, if, instead of a metallic rod, d, a rod of glass, 
or other non-conductor of electricity, be employed, no de- 
composition takes place. This, therefore, indicates lliat 
the agent which is in operation is electricity. 

Fourthly, if for the line of communication, d, a piece 
of metal be employed, and we cautiously lift it from the 
zinc or copper plate, the moment the contact is broken, 
in a dark room we see a minute electric spark. It has 
been already observed that the electric spark can not be 
confounded with any other natural phenomenon. 

Fifthly, if the line of communication be a very slender 
platinum wife, as long as it remains in its position, its tem- 
perature rises so high that it becomes red hot, and may be 
kept so for hours together. Now, recollecting that the 
ignition and fusion of metals take place when they are 
made to intervene between the coatings of a Leyden vial, 
end considering all the facts which have just been set 
forth, we see that the following conclusion may be drawn : 
that in an active simple Voltaic circle water is decom- 
posed, its oxygen going to the zinc and its hydrogen to 
the copper, and that a continuous current of electricity 
accompanies this decomposition, running from one metal 
to the other, through the connecting rod. 

The direction of this current may be determined by 
several processes^ it ii^ as follows : the electricity, leaving 
the surface of the zinc, passes through the liquid to the 
copper, then moves through the connecting wire back 
again to the zinc, performing a complete circuit ; hence 
the term Voltaic circle. 

Simple Voltaic circles are of several kinds ; tiiat which 

^ What happens. to the zinc? Why do we infer that water is decom> 
posed ? If a glass rod is used instead of a metallic one, what is the resalt ? 
How can a spark he made visihie 7 Can a platinnm wire be ignited f 
^rom these facts, what conclosions may be drawn ? Wliat is the ooone 
of the carrent ? 
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we have been considering consists of two different metak 
with one intervening liquid, but similar results can be ob- 
tained with one piece of metal and two different liquids. 

In the foregoing experiment, we have used dilute sul- 
phuric acid : Ma acid discharges a subsidiary duty. Zinc, 
when it oxidizes, is covered with a coating impermeable 
to water and air ; it is thi& grai^sh oxide which protects 
the common sheet zinc of commerce from farther change. 
When, therefore, a Voltaic pair gives rise to a Gurrent by 
the oxidation of iter zinc, that current would speedily stop 
were not the oxide removed as fast as it forms ; this is 
done by the sulphuric acid, which forms with it a sul- 
pbate of zinc, a substance very soluble in water, and the 
metal thus continually presents ai clear surface to the water. 

As to the immediate cause which gives rise to the Vol- 
taic cun'ent, there has been a difference of opinion among 
chemical authors. Volta believed that the mere contact 
of the met^lB was the electromotive source, and endeav- 
ored to prove, by direct experiment, that if a piece of 
copper and zinc are brought in contact and then sepa- 
rated, they become excited, the one positively, and the 
other negatively ; upon these principles, he was led to the 
discovery of the Voltaic battery. But many facts have 
now indisputably shown that the origin of the current is 
to be sought in the chemical changes going on ; and tn 
the instance we have had uoder consideration, it is dne 
to the decomposition of water. That the electromotive 
action does not depend on the contact of the metals, seems 
to be proved by the fact that, by changing the najyaie of 
the liquid intervening between them, we can change the 
current both in direction and force. 

what otiier kinds of Voltaic circles nre there 1 What is the use oi 
salphnric acid in these combinations 7 What was Volta's opinion as to 
the electromotive source? What is the view now taken? What ail- 
ments may he adduced for its correctnesi ? 
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LECTURE XXIX. 

EfTECTs OF Voltaic Electricitt. — InvetUion of the VoU 
taic Pile. — Cruickshank'i Trough. — Hare's Battery. — 
Smee's Simple and Compound Battery d — Grove's BatU- 
ry.^^ Voltaic EffecU, ike Sparky Deflagration of MeUiU. 
— Ignition of Wires.^^Arc of Flame. — Decomposition 
of Water. — Nature of the Gases evolved. 

It has been already observed that, in the discussions 
which arose respecting animal electricity, Volta 'attributed 
the action entirely to &e metals employed ; and reasoning 
on this principle, he concluded that the effect ought to in- 
crease, if, instead of using a single pair of metals, a great 
namber of alternations were employed. Accordingly, on 
taking thirty or forty silver coins and discs of zinc, and 
pieces of cloth moisteneol .with acidulated water, of the 
Fig, 103. . same size, and arranging them in a pile or 
column, carefully observing to place them in 
the same order, silver, cloth, zinc — ^silver, 
cloth, zinc, &c.^ he found his expectation ver- 
ified. On touching, with moistened hands, 
ihe ends of the pile, a shock was at once re- 
=" ceived, and on making them communicate 
by a piece of wire, aft eleetrie spark passed. This instru- 
ment, Fig. 102, is the Voltaic pile. 

From the important uses tcr which the pile veas soon 
devGf ed, it became necessary to have it under a more con- 
venient form. There are several inconveniences attend- 
mg the original construction : it is liable to overset, is 
troublesonae to put in action, and requires to be taken to 
pieces and carefully cleaned every time it is used ; ite 
maximum effect lasts but a: short time, owing to the weight 
ot the superincumbent colunm pressing out the moisture 
from the lower pieces of cloth ; and as soon as they become 
dry, all action ceases. 

tp JJrid^''''^^? "^^^^ avoided, to a great extent, in the 
3 T. "^J "^^^^^ «^«^ replaced the former instru- 
^!!!LJi!!g!^;g^fa bo^ or trcygh, JPy. 103, three o r 

pile 7^ What °i^ ^fi-^ ^J^^ invention of the jpile ? Describe the Voltaic 
oriRinal form? wecta ? What inooawniencea are there in the 
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four inches square at Fig. 103. 

the ends, and a foot or 
more long; grooves 
are made in the sides 
and bottom of this 
boXy and into them 
pieces of zinc and cop- ^ 
per, soldered face to face, are fastened, waster tight, by 
cement. These grooves are about half an inch apart, and 
into their interstices acidulated water is poured, care be- 
ing taken that the metals are arranged in the same direc- 
tion, so tha.t if the series begins with a copper j>late it 
ends with a zinc. The apparatus ia obviously equivalent 
to Volta's pile laid on its side, «nd the facility fbr charg- 
ing it, and removing the acid when the experiments are 
over, is very great. From the extremities two flexible 
copper wires pass ; they are called the polar wires, or elec- 
trodes of the battery. 

Some very convenient forms of Voljaic battery have 
been invented by Dr. Hare. In on© of these, the liquid 
is poured off and on the plates by a quarter revolution of 
a handle ; in others^ the trough is made movable, so that 
it lifts up when all the arrangesnents are ready, and the 
plates are immersed. 

When it is required to have a cufrent, the 
intensity of which remains confitant for ft length 
of time, Daniell's battery is to be preferred. 
It consists of a copper cylinder, C, Fig, 104, 
in which a solution of sulphate of copper is 
poured ; within this is a second cylinder, P, of 
porous earthen-ware, filled with dilute sul- 
phuric acid. A, into which an amalgamated 
zinc rod, Z, dips. From the copper and zinc, 
rods project, terminated by binding screws, 
with which the polar wires may be connected. 

Smee's battery is also a very valuable com- 
bination; it consists of a plate of platinized 
silver, or platinized platinum, S, Fig» 105, on each side 
of which are placed parallel plates of amalgamated zinc, 
Z ; these plates are held tightly against a piec^ of wood, 

Deicribe the trougfa battery. Describe ■ome of the improrementt in 
the batteryv What are the forms introduced by Hare, Darnell, Smee, and 
Qmre respectively? 
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Fig, 109. t^9 by means of a clamp, bj to i/ihich, and 

also to the silver plate, binding screws, 
\for the purpose orfasteninff polar wires, 
are affixed. The whole w suspended, 
by means of a cross piece of wood, in a 
jar containing dilute sulphuric acid. 

Smee's compound battery, represent- 
ed in Fig. 106, is nothing more than a 
series of the foregoing simple circles. 
The figure shows one containing six 
cells ; Qie position of the platinized sil- 
ver and zinc plates of one of the pairs 
is seen at S and Z. It is to be charged 
with dilute sulphuric acid*. 

Fig. 100. 
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Probably the most powerfhl of all Voltaic combina- 
1%. 107. tions is the instrument invented by Mr. Grove. 
It consists of two metals and two liquids, amal- 
gamated zinc and platina, dilute sulphuric acid 
and strong nitric acid. A jar, P, Fig. 107, three 
quartt^rs of an inch in diameter, and made of 
► porous or unglazed earthen-ware, is to be filled 
Willi strong nitric acid, N, and in it a slip of pla- 
tina is placed; this porous earthen- ware cup is 
then set in a glass cup. A, nearly three inches in 
diameter ; in this is placed a plate of zinc, Z, one 
eighth of an inch thick, and of such k size, as . 
respntjts its other dimensions, that it will readily 
pass between the porous cup, P, and the glass. 
In the glass. A, is placed dilute sulphuric acid. 

In this manner several cups are to be provided, the ar- 
rangement being, zinc in contact vnth dilute sulphuric 
acid, and platina in contact vnth strong nitric acid, vnth a 
porous cup intervening between. The workman also 
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proviously connects each zinc cylinder with the slip of 
platina, which is in the next cup, by soldering between 
them a strip of copper. . 

Grove's battery owes its force to the decomposition of 
water by zinc. But the hydrogen is not evolved from the 
surface of the platina, as it would be in a single circle; 
it is here taken up by the nitric acid, which undergoes 
rapid deoxidation, and therefore, during the use of this 
bfiiteryj volumes of deutoxide of nitrogen are evolved, 
A battery of fifty cups gives rise to very striking effects ; 
but five or ten are quite sufficient to repeat all the follow- 
ing experiments. 

On separating the polar wires of such a battery from 
each other, a brilliant spark passes, and, if the separation 
be gradual, a fiame constantly proceeds from one to the 
other ; the light of which, when the wires are of copper, 
is of a beautiful green color. 

If, on the surface of some quicksilver Fig. los. 

contained in a glass. Fig. 108, we low- 
er a thin piece of steel, or iron wire, 
connected with one of the poles of the 
battery, the mercury being kept in con- 
tact with the other, the steel takes fire 
and deflagrates beautifully, emitting 
bright sparks, and the mercury is rap- 
idly volatilized. 

When thin metal leaves are made to intervene between 
the polar wires, they are at once dissipated, the flames 
they emit being of different colors in the case of different 
metals. 

If a piece of platinum wire is made the channel of 
communication from one polo to the other, if it does not 
fuse at once, it becomes incandescent, and remains so as 
long as the instrument is in activity. 

When the polar wires are terminated by pieces of well- 
bumed charcoal, or that variety of carbon which is formed 
in the interior of gas retorts, the light which passes between 
them when they are removed from contact is one of the 

What arai the chemical effects taldng. place hi Grove's battery ? On 
•eparatizig ^e polar wires of a battery, what phenomenon arUeS 7 How 
may iron wire oe deflagrated? "What phenomenon is. seen daring th^ 
deflagration of metallic leaves ? When a thin platinum wire communicates 
between the pc\^, what is the result 7 How is the arc of light fbrmod, 
■nd what are Its properties 7 
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most brilliant that can be obtained by any artificial meam. 
With powerful batteries, the pieces of charcoal may be sep- 
P^^ 1^^ arated several inches apart wiUioat the 

^^^^gg^^^^^ light ceasing, and then it moTes from 
^^^^^^^^™ one to the other pole in an arched Ibmiy 
Fig* 109, the convexity of the arc being upward. This 
form is due to the current of hot air which rises from the 
ignited space between the j>oles, and the light may be 
blown out by the mouth, just in the same manner that we 
blow out a candle. 

But« in a scientific point of view, by ^ the most inter* 
esting experiment to be made with the Voltaic battery is 
Fig, no. the decomposition of water. Through 

the bottom of a glass vase, or dish, at 
the point a b^ 1^. 110, two platinum 
wires are introduced, water«ti^t ; they 
pass into the vase, as ^ c, d <2, parallel 
to each other, but not touching. Over 
each of these wires a tube is to be in^ 
verted ; the tube e over c, andy*over di 
the vase and the tubes being previona 
ly filled with water Ucidulated Mightly, to improve its 
conducting power. Now let the wire a c be connected 
with the positive pole of the Voltaic bact^y, and h d with 
the negative ; bubbles of gas in a torrent arise from their 
extremities, and pass upward in the tubes, displacing th^ 
water. The quantity of gas thus collecting m the two 
tubes is unequal, and whenever we stop the decomposi- 
tion there will be found in/* double the quantity which is 
in e. When a sufficient amount is collected, let the tube 
«, containing the smaller portion of gas, be cautiously re- 
moved, preventing any atmospheric air from getting into 
its interior, by closing it with the finger, and theUr turning 
the tube upside down, let a stick of wood, with a spaiit 
of fire on its extremity, be immersed in die gas. la a 
moment the wood bursts into a flame, proving that this is 
oxygen gas. Then take the other tube, and allow to pasa 
into it a quantity of atmospheric air equal to the volume 
of gas it already holds ; remove the finger and apply a 
light, and there is an explodon. But this is the property 

Deicribe the ptooens for the decompoflitioii of water. "WW if the ml- 
■tire propNortioii of the gases collected ? How can it be proved tbrt Hm 
«M quntity ia oxygen and the larger hydrogen 1 
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of hydrogen gays. We therefore conclude that in this ex- 
periment water has heen decomposed and resolved into 
Its constituent ingredients, oxygen and hydrogen; and, 
farther, that in , water tfaete is, by vol- j^^ m^ 

ume, twice as much hydrogen as there 
18 oxygen gas. The separation of ibe 
two is perfect, so much so that the de- 
ccHnposition may be conducted in differ- 
.ent vessels. Thus, let N and P be tubes, 
through the closed upper ends of which 
platinum wires pass ; inrert them in 
glasses of water, with a siphon of large 
bore connecting ihem. On making N 
communicate with the negative, and P with the positive 
pole, decomposition endues, hydrogen gas accunralating in 
N, and oj^ygen in P. 




LECTUKE XXX. 

The Electro-chemical Theory. — Theory of the Decom^ 
position of Water.— Decomposition of Metallic and othef 
Salts'. — necqtiereVs lUtistration of the Formation ofMin^ 
erals. — Davy* s Discoveries. — Electrochemical Theory. — 
Electrolytes. — Faraday* s Theory of definite Action.''^ 
The Electrotype. 

T«B prominent fact connected with the decomposition 
a£ water is the total separation of the constituent elements 
on the oppo»te polar wires or electrodes. From the 
positive wire oxygen alone escapes, and from the nega- 
tive hydrogen ; there is no partial admixture, but the 
separation is perfect and complete. 

Though the polar wires may be separated from each 
other by a considerable distance, the same result is uni- 
formly obtained, and it is to be remarked that the evolu- 
tion of gas takes place on the wires alone ; no intervening 
bubbles make their s^pearance in the intermediate space. 
The principle on which this is effected may be easily under* 

What ifl the oonatitation of water by volume ? Do these polar deed n. 
positions effect a total separation of the bodies 7 In the decompositbu ol 
water, do any gas bubbles appear in the intervening space? 
L 2 
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Stood, by sapposing H H and O O, Fig. IIB, to represent 
atoms of hydrogen and oxygen respect- 
ively ; each pair of them, therefore, rep^ 
resents a particle of water. Now, if we 
slide the upper row of atoms upon the 
lower, as shown aXhh,o o, it is obvious 
that a hydrogen atom will be set free at 
one extremity of the line, and an oxygen atom at the oth- 
er, and that, as respects all the intermediate pairs of atoms, 
though they have changed their places, yet every particle 
of hydrogen is still associated with a particle of oxygen, 
constituting,, therefore, a particle of water ; an^ it is at the 
extremes of the line alone that the gases are set free. So 
in the polar decomposition by the pile, all the liquid in- 
tervening between the poles is affected, decompositions 
and recombinations successively taking place, the hydro- 
gen atoms moving in one direction, the oxygen in the 
other, finely to be set free on the surface of the polar 
wires. 

This capital discovery of the decomposition of water 
by Voltaic electricity was originally made by Nicholson 
and Cariyle. It is by far the most satisfactory method ot 
demonstrating the constitution of that liquid. After it 
was made known, any lingering doubts which still remain- 
ed on the minds of some chemists in relation to the com- 
posite nature of water were speedily removed. 

In the same manner that water is decomposed by the 
Voltaic battery, so, also, many metallic and other salts yield 
to its influence. ThuB, if into a jar containing a solution 
of blue vitriol, the sulphate of copper, two metallic plates 
are introduced parallel to each other, and one of them 
brought in connection with the negative and the other 
with the positive pole of the battery, decomposition of the 
salt takes place ; the sulphate of copper being resolved 
into its constituents, sulphuric acid and the oxide of cop- 
per, and the latter reduced to the condition of metallic 
ooj^er by hydrogen simultaneously evolved with it, arisiing 
from the> decomposition of a part of the water. In this 
manner the copper may be deposited, with a little care, 
under the form of a tough metallic mass. 



How is this explained ? How is i^ if decomposition* are going-on in the 
intervening space, that the gases are not there seent Can metailic saltg 
be io like manner decomposed 'I . 
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If in a cubical glass vessel Fig, 11 3, divided into two par- 
titions by a diaphragm, a. Fig, lis. 
and both partitions filled 
with a solution of iodide 
of potassium, mixed with 
a solution of starch, and 
the positive and negative 
wires of the battery intro- ' ■ ■ ■' — - ' ^ri J 
duced, decomposition of the iodide takes place, its iodine 
being evolved at the positive wire, and giving with the 
starch a deep blue color, the blue iodide of starch, while 
the liquid in the other partition remains cblorless. 

M. Becquerel obtained some very beautiful results by 
the aid of weak but long-continued electric currents, illus- 
trating the probable mode of formation of mineral sub- 
stances by such currents traversing the crust of the earth. 
If we take a glass tube bent into the form Fig. 114. 

of a U, and close the bended part with a 
plug of plaster of Paris, putting in one of 
the branches a solution of carbonate of 
soda, and in the other of sulphate of cop- 
per, immersing in one of the solutions a 
zinc plate, and in the other a copper, 
connected together by a piece of bent 
wire, the liquids communicate through 
the porous plug, and crystals of the dou- 
ble carbonate of copper and soda form on the plate im 




Fig. 115. 



mersed in the copper liquid. In the same 
manner, other compound salts and mineral 
bodies may be produced. 

Or if we take a jar, A, and fill it with a so- 
lution of nitrate of copper to d, and then with 
dilute nitric acid to B, and immerse in it a slip 
of copper, C D, presenting equal surfaces to 
the two liquids, an electric current is genera- 
ted, the copper is dissolved in the upper solu- 
tion, and is deposited in crystals at D in the 
lower. 

As in this manner water and various saline bodies un- 




Bescribe the x)olar decomposition of iodide of potassium. Can decom* 
positions be produced by very feeble VoUaio corrents ? Describe some 
of the arrangements of M. Becquerel for illustrating the probable mode of 
formation of minerals. 
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deigo decomposition by the action of the pile, it occnrred 
to Dir H. Davy that probably other su^tances, at that time 
supposed to be simple, might also be decomposed. He 
accordingly subjected the dkaline and earthy bodies, thai 
reputed to* be elementary, to the influence of a powerful 
battery, and found that his supposition was verified. On 
placinflr a fragment of caustic potash between the poles, it 
immediately melted; from the positive oxygen gas es- 
caped in bubbles, and from the negatiTe, small metallic 
globules, having the appearance of quicksilver, emerged; 
these were characterized, however, by the singular (qual- 
ities of an intense affinity for oxygen, so that 3iey would 
take Are on being touched by water, or even iae, and 
were so light as to swim upon the surface of that liquid. 

The result of Davy's experiments proved that the al- 
kaline substances and all the earths are oxidized bodies, 
and in most instances oxides of metals. 

On these principles, Davy established a division of eler 
mentary bodies into electro-positive and electro-negative 
substances. The former are those which, during a polar 
decomposition, go to the negative pole, and the latter those 
that go to the positive. The electro-chemical theory as- 
sumes that all bodies have a natural appetency for the as- 
sumption of the positive or negative states respectively, and 
that all the phenomena of chemical combination are mere- 
ly cases of the operation oi the conmion law of electrical 
attraction; for between particles in opposite states at- 
traction ought to take place, and when in a compound 
body, such as water, which consists of particles of nega- 
tive oxygen and positive hydrogen, the poles of an active 
Voltaic battery are immersed, 3iey will effect its decom- 
position, the negative oxygen going to the positive pole 
and the positive hydrogen to, the pegative pole. 

Dayy's theory thus not only accounts for the decom- 
posing agencies of the battery, but also for all common 
cases of chemical combination, referring both to the fun- 
damental law of electric attraction. With all its simplic- 
ity, it would be very easy to show, however, that it is 
founded on a groundless assumption, and csLn not suscount 
for a great number of well-known facts. . 

What were the disooveiiea of I>ayy respecting the alkaline and eBrtky 
bodies 1 What is meant by the eleotm-chemicaT theory ? Does this tlio- 
wry also account for chemical o6mbi.: i 7 
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The Voltaic pile can not decompose all bodies indis 
criminately. An electrolyte— ifor so a decomposable sub- 
stance is termed — ^mUst always be a fluid boidy. It also 
appears that all electrolytes must have a binary constitu- 
tion, or contain one atom of each of their two constituent 
inn*edients. 

Mr. Faraday discoTered that the action of an electric 
con^t in effecting the decomposition of various bodies is 
perfectly definite : thus, if we make the same current 
pass through a series of vessels containing water, iodide 
of potassium, melted chloride of lead, they will all be de- 
composed, but in very different quantities. If of the wa- 
ter there be decomposed 9 parts, there will be 165 of 
Iodide oi potassium, and 139 of chloride of lead ; but 
these numbers represent what will be hereafter given as 
the atomic' weights of the bodies in question. A current 
which can set free one grain of hydrogen wiH evolve 108 
of silver, 104 of lead, 39 of potassium, 31*6 of copper, &c., 
these being the atomic weignts of those substances respect 
ively. ' 

A very beautiful application of electro-chemical decom- 
position has, of late, been introduced into the arts. It 
passes under the name of the electrotype. It consists in 
the precipitation of metallic copper, gold, silver, platina, 
ScCf on different surfaces, by the aid of a Voltaic current 
Thus, suppose it were required to obtain a perfect copy 
in copper of one of the faces of Pig, lis. 

a medal; let a glass trough, 
N C. Fig. 116, be filled with 
a solution of the sulphate of 
copper, and to the negative 
wire, Z, of a Smee's Voltaic 
batteiy, let the medal N be at- 
tached, all those portions, ex- 
cept the face designed to be 
copied, being varnished over, 
or covered with wax, to pro- 
tect them from coiftact with the liquid. To the positive 
wire, S, let there be attached a mass of copper, C. As 
soon as the battery is in action, decomposition of the sul- 

To what bodies is the decomposing influence of the Voltaic batteiy lim. 
ited 7 Can substances other than binary compounds be thus decomposed t 
Explain Faraday's law of the definite action of a Voltaic current. Dei 
■criDe the electrotype. 
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phate takes place, metallic copper is precipitated on the 
face of the medal, copying it with somrising accuracy. 
This copper is, of counse, withdrawn m>m the sulphate 
in the solution ; but while this is goiug on, sulphuric acid 
and oxygen are being eyolved on the mass of copper, C. 
They dierefore unite with it ; and thus, as fast as copper 
is precipitated on N by oxydation, new quantities are ob- 
tained n-om C, and the liquid keeps up its strength unim- 
paired. In the course of a day the medal nn*y be re- 
mbyed. It will be found incrusted with a tough, red 
coat of copper, which may be readily split off from it. It 
is a perfect copy of the surface on which the deposition 
took place, and, in turn, it may be used as a mould for 
obtaining a great number of casts. Gilding, sUyer- 
plating, and platinizing are now performed on the same 
principles, the electrotype being one of the most beauti- 
ful contributions which science has of late given J» the 
arts. 

An instrument, the Voltameter, has been invented by 
f-^^ U7 Mr. Faraday for measuring quantities of 

Voltaic electricity. It is Tepresented in 
Fig, 117. It consists of a glass jar, i, 
filled to the height d with water, and 
through its cover, c, a graduated tube, a, 
passes. In the lower part of the tube at 
g, two pieces of platina foil, which form 
the terminations of lie polar vnres of the 
battery, the current of which is to be 
measured, are introduced, the connection 
with those wires being made by the aid of 
the mercury cups, c/! The tube, a, having 
been filled with water, as soon as the cur- 
rent passes decomposition takes place, the 
gases collecting in the graduated tube, and measuring 
tiie amount of the current. 




' Describe the Voltameter. 
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LECTURE XXXL 

Oh^c's Theory of the Voltaic Pile. — Magnetisu and 
ELECTRo-MAGNEiTisM.— Fo/te'« Pile, — Hare's Galorimo- 
tor. — Zamhoni^s FUe. — OhnCs Theory, — 'Electro-motive 
Force. — Resistance. — General Law for the Force of th4t 
Current, — Laws and Phenomena of Magnetism, — Elec- 
tro-magnetism, Oersted* s Discoveries in. — The Galvan* 
ometer, — Electric Rotations. — Tangential Force. — Elee- 
tro-mxign^ts. 

With a given amonnt of metallic surface wo can pro- 
duce Voltaic batteries having different qualities. Tnus, 
if we take a square foot of copper and a square foot of 
zinc, and place between thein a piece of wet cloth, we 
shall have a battery which can not give shocks, nor effect 
the decomposition of water, but which will cause a fine 
metallic wire to become white hot, cfr even to fuse. If, 
again, we take a square foot of copper and a square foot 
of ^inc, and cut each into 144 plates, an inch square, and 
arrange them with similar pieces of cloth as a Voltaic 
pile, the instrument will give shocks, and decompose wa- 
ter rapidly. From the same qii^lntity of metal two differ- 
ent species of battery may be made ; one consisting of a 
few plates of large surface, or one of a great number of 
alternations of smaller plates. 

Of these varieties of battery, the calorimotor of Dr. 
Hare is an example of the first. It consists of a series 
of zinc plates, all connected together, and one of copper, 
also similarly connected, constituting therefore, in reality, 
a single pair of very large surface. The great amount of 
heat evolved by this apparatus is its peculiarity. 

The electric pile of Zamboni is an example of the 6ther 
kind. It consists of a series of ten or twenty thousand 
,discs of gilt paper, alternating with similar pieces of 
very thin zinc foil. These are aiTanged in a tube, and 
kept in contact by the pressure of screws at each end. 
In Fig. 118 (p. 132), the pile is laid on a pair of gold 

What are the two principal forma of battery ? What do the calorimo- 
tor and 21amlK>iii'fl piie Ulustrate t What is the effect produced by n bfti 
tery of lart?e plates ? What by one of many altematious ? 
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^ IW- leaf electroscopes, both of 

which diverge, the one 
being positive and the 
other negative, the cen- 
tral parts of the pile being 
neutral. This instnim^it 
exhibits no calorific ef- 
fects; its phenomena are 
those of electricity of high 
tension. 

. These, and, indeed, 
jnaxiy of the phenomena 
of the electric current, are clearly accounted for by the 
aid of Ohm's theory of the Voltaic pile, of which the fol* 
lowing is an exposition : 

1st. ^y ELECTRO-MOTIVE FORCE WO Understand the 
causes which j^ve rise to the electric current; this, as 
we have explained in the simple circle, is the oxidation 
of the ainc 2d. By resistance we mean the obstacles 
which the current has to encounter in the bodies through 
which it passes. 

When we affect the electric current in any portion of 
its path, either by varying' the electro-motive force, or 
changing the resistances, we simultaneously affect it 
throughout the whole circuit ; so that, in a given space 
of time, the same quantity of electricity passes, through 
each transverse section of the circuit. 

In any Voltaic circle, simple or compound, the force ot 
the current is directly proportional to the sum of all the 
electro-motive forces which are in activity, and inversely 
proportional to ,the sum of all the resistances ; that is to 
say, the force of any Voltaic current is equal to the s|im 
of all the electro-motive forces, divided by the sum of all 
the resistances. 

The resistance to conduction of a metal wire is directly 
as its length, and inversely as its section ; that is to say, 
the longer the wire is^ the greater its resistance, and the 
thicker it is, the .ess its resistance. 

If we augment or diminish, in the same proportion, the 

What is meant by electit)-iiiotive force 1 In a simple circle, what is its 
•rigin ? What is meant by resistance ? On affecting one part of a ear 
rent, is the rest affected? What conclusion is drawn from that fact? 
What is the tpxoe a£l£ba oorrent equal to 7 In a wire, what is the law of 
fesisianoe? 
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electro-modve forces and the resistances of a Yokaio cir- 
cuit, the Ibrce of the current will remain the same ; if we 
increase the electro-motive fierce, the force of the current 
increases ; if we increase the resistance, the force of the 
current dinoinishes^ 

If, in two Voltaic circles of equal force, the same r» 
sistance is introduced, the forces of the currents may he 
enfeebled in very different proportions ; for the newly-in- 
troduced iresistance may, in one of the circles, bear a veiy 
great proportioii to the resistances already existing, and, 
m the other, a very insignificant proportion. 

The fpUovnng, therefore, is the general law which de- 
termines the force of a Voltaic circuit. 

Ist, The electro-motive force varies with the number dt 
the elements, t^e nature of the metals, and of the liquids 
which constitute each element; but it does not in any 
manner depend on the dimensions of their parts. 

2d« The resistance of each element of a V oltaic circuit 
IS directly projportional to the distance between the plates, 
as occupiea by the liquid, the resistance of the liquid.it*> 
self, and the length of the polar wire connecting the ends 
of the circuit ; and inveraely proportional to the surface of 
the plates in contact with the liquid, and to the section of 
the connecting wir^ 

3d. The force of the current is equal to the electro- 
motive force divided by the resistance. 

From the circumstance that lightning has been repeat- 
edly knpwn to render implements of steel magnetic, and 
from a general analog which exists between the phenom- 
ena of magnetism ai2 those of electricity, it was long ago 
believ^ liiat these phenomena were due to one common 
cause ; but it was not until 1819 that dieir true relation- 
ship was first established by (Ersted. 

The phencHnena of the magnet itself were discovered 
more than 2000 years ago. The natural magnet^ or load- 
stone, which is aQ iron ore, possesses the quality of at- 
tracting pieces of iron or steel, but upon almost, all other 
substances it is without action. To hardened steel it com- 



How does the force of die current chang^e with changes in the electro- 
motive force and the resiatance ? When a new resistance is introduced 
into two circles, does it follow that both will be affected alike ? give the 
general law which iietemunes the force of the Voltaic current. ^ What aro 
the properties of ft magnet 7 What is tlie difibrence of its action on irov 
uiU steel ? 

M 
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municates its own properties in a permanent manner ; bul 
soft iron is only transiently magnetic, and as soon as it is 
removed from the influence of the mignet it loses Jts 
power. Bars of steel which have beeli magnetized can 
communicate their activity to other bars ; they are, thei^e- 
fore, of constant use in physical investigations, and are of 
two forms, straight bars and horseshoe magnets. 

fig^ 119. If a magnetic bar have iron 

"^' ^ filings sifted over it, they col- 
^^■^ lect, as represented in Fig. 
• 119, chiefly at the two extrem- 
ities, d cZ, few of them being found in the middle. If a^piece 

Fifr. 1^. ^^ of card-board is laid 

^^^^-^^^ ^^ Qyer a magnet, and 

the filings dusted on 
:■ I it, they arrange them.- 
^ selves in curves, calf- 
^ ed magnetic curves ; 
^ ,^ there being in this, 
^vil as in the former in- 
^ stance, centers of ac- 
tion, P P, toward the 
extremities of the 
bars, around which the curves are arranged. The ap- 
pearance is shown in Fig, 120. 

A li^ht ms^gnetic bar, S N so arranged that it can be pois- 
Fig.m. ed on a pivot, C, vdth free- 

dom of motion, is a magnetic 

a HI^- w needle. It was discovered 

by the Chinese that such a 
needle, FHg, 121, possesses 
polarity, or points north and 
south, a fact of the utmost 
importance in navigation. 
When to a needle the poles 
of a bar are approached, it Exhibits attractive and repuls- 
ive movements. The law under which these take place 
is, " Like poles repel, and unlike ones atti'act ;" two north 
or two south poles repel, but a north and a south attract. 





What are the forms of wiificial magnfets ? How may the existence of 
poles he shown hj^ iron filmgs t , Describe a magnetic needle. Wliat is 
meant by its polarity? "What ifl the law of magnetic attractions and re- 
pulsions ? 
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Either pole of a magnet is attracted by a piece of unmag- 
netized sof% iron. The intensity of magnetic action is in- 
versely proportional to the square of the distances. 

If a magnetic needle be brought into the neighborhood 
of a wire, along which an electric current is passing, the 
needle is at- once disturbed from its position, and tends to 
' set itself at right angles to the wire. The direction in 
which the transverse movement takes place depends on 
the relative position of the needle and the wire ; thus, Ist, 
if the wire be above the needle and parallel to it, that 
pole next the negative end of the Tbattery n^oves west- 
ward ; 2d, if the wire be beneath the needle, it will move 
eastward ; 3d, if the wire be on the east side of the needle, 
the pole is elevated ; 4th, if on the west, it is depressed ; 
in all these various positions, the tendency being to bring 
the needle at right angles, or transverse to the wire. 

It follows, from these 
facts, that if a magnet- « 
ic needle be placed in 1[ 
the interior of a rectan- 
gle of \nre, Fig. 122, 
through which a cur- 
rent is made to flow, 
all the portions of the 
wire conspire to move 
the needle in the same direction. The effect, therefore 
becomes much greater than in the case of a single con- 
tinuous wire. 

- On the same principle, if, instead of a single turn, the 
wire is repeatedly coiled upon it- 
self, so as to make a great many- 
turns, the effect upon the needle may 
be greatly increased ; and when the 
needle is made nearly astatic, that 
is to say, its tendency to point north* 
nearly destroyed by arranging it upon 
an axis with another needle, similar to it in^ all respects, 
but with its poles reversed, as N S; S N, Figure 123 ^ 
the directive tendency of the one needle neutralizing 




Fig. 128. 




How does the intensity ^f magnetio actic^ vAry t Xn what does QQr- 
ited's discovery consist P What is the direction which the needle moves 
in tiie four positions round tiie yrire t What is the effect on a needle in 
the interior of a rectangle ? What is the principle of the galvanometer ? 
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the other, hut hoth tending to turn in the same directioii 
hy the current in the coil of wire, inasmuch as one is with- 
in the coil and the other above it, the arrangement forms 
a most delicate means of discovering and nxeasuring an 
electric current. It is called a galvanometer. 

As action and reaction are always equal and contrary, 
it is obvious that, if a conducting wire be movable aoid 
the magnet stationary, the latter can be made tt> impress 
motions on the f(»rmer. 

Conducting wires can be noade to revolve round the 
Fig. 1S4. poles of a magnet, or the pole of a mi^- 

net round a conducting wure ; thus, in a 
glass cup, Fig, 124, let a magnet, », be 
nxed vertically, and the cup filled with 
mercury ; by means g£ a loop, a^ let a 
conducting wire, 5, be suspended,^ having 
perfect freedom of motion. If an electric 
current is made to pass down this wire 
through the mercury, and escape by the 
path df the wire rotates round ^e pole n 
as long as the current passes. From this 
and similar experiments, it there£3re ap- 
pears diat the force exerted between a conducting wire 
and a magnet is not a direct attractive or repulsive power, 
but one continually tending to turn the movable body 
round the stationary one, deflecting it continually, and 
acting in a tangential direction. Hence it is sometimes 
spoken of as a tangential force. 

If round a bar of soft iron a conducting wire, covered 
over with silk, be spirafly twisted, as i^ 
Fig» 125 f whenever an ^electric current 
is passed, the iron becomes intensely 
magnetic, and loses its magnetism as 
soon as die current sbapa, A bar a^ 
inch in diameter, bent so as to represent 
a horseshoe. Fig. 126, with a wire cov- 
ei*ed with silk, for the purpose of sepa- 
rating its successive strands from each 



On the same principles, can the "wif e be made to more 7 Describe a 
metiiod of sbowing the- rotation of a wire round the pole of a magnet. 
What is the nature of the force exerted between a oondaetm'g wire and 
a nwgnet 7 Describe the cooatmctioD and properties of a strtiigbt elebtro* 
magnet. . 
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Other, may be made to give rise to very 
striking results. Fro£ Henxy, by a modi- 
fication of the coDducting wire* succeeded 
in' imparting so intense a dl^iree of mag- 
netism to a piece of soft iron that it could 
support more than a ton weight. If under 
one ^f these EbECTRo-MAGNSTa a dishful of 
small iron nails be held, the mcnnent the 
current passes, the nails are all attaracted, 
and, while they are held by its poles, may 
be moulded, as it were, by ike hand in 
various shapes, but as soon as the current 
^tops they fall off, 

& is upon this principle of producing 
temporal^ magnetism by an electric cur- 
rent that Morse's electric telegraph depends. 
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LECTURE XXXU. 

Electro-dItnabiics — Thermo-electricity, icc^-Am- 
pere*s Discovery. -^Properties of a Helix. — Nature of the 
Magnet, — Faraday^ s Discovery of Magnetic Electricity, 
— Magnetic Machines, — Faradian Currents, — Thermo- 
electricity, — Production of Heat and Cold hy Electric 
Currents.— l%erfno^ectric Pairs. — Peculiarity of these 
Currents. "^Electro-motive Power of Aeat, — Melloni*s 
PUe and Thermometer. — Improvements in Tfiermo-dec- 
trie Pairs, — Animal Electricity, -"-Steam Electricity, 

Soon after the relation between electricity and magnet- 
ism was established, M. Ampere discovered that Qiere 
are reactions between electric currents themselves. 

Two electric currents flowing in the same direction at- 
tract each other, but two electric currents flowing in op- 
posite directions repel ^ or, more briefly, " Like currents 
attract, and unlike ones repel." . 

If a conducting wire be bent in the form of a helix, 
its terminations retuiiiing toward its middle, as shown in 
Fig, 127, it exhibit^ all the properties of an ordinary mag- 
netized bar; for as soon as the current passes, it points 



Deflcribe the horseiho« electro-magnet. 
between electric cnirenti 7 

M2 



What is the law d reaction 



Fig, IV. 
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nortk and sdutb, and is attracted and re- 
pelled by the poles of a magnet, just as 
though it were a magnet itsel£ A very 
neat arrangement for illustrating these 
results is seen in Fig. 128. A small wm- 
ple circle, consisting of a zinc ond coj^per 
plate, connect- j^, las. 

ed together by 
means of a Wire 
bent so as to 
* form a flat coil, 
is floated by 
mean& of a cork in acidulated 
water. The current runs round 
the coil in the direction of the 
arrows, and the "arrangement, 
obeying the magnetic influence P 
of the earth, turns, with its plane fc 
pointing north and south, just as ^ ^ _ ~-^^^ 
a magnet would do if introduced into the interior of the 
coil, in the position shown in the figure by the dark line. 
Ampere infers, from the analogy of these instruments, 
that the magnet owes its qualities to electric currents cir- 
culating in it in a transverae direction. The directive 
action of the magnetic needle or the electric helix depends 
on the reaction of electric currents circulating in the 
earth, due to the unequal heating of its surface by the 
rays of the sun. 

We have seen that an electric current ca,n develop 
magnetism in a bar of iron or steel ; in the former, tran- 
sient, in the latter, perma- 
nent magnetism. Thus, if 
the iron bar, n «, Fig, 129, 
■72 be placed in the axis of a 
helix of cc^per wire, along 
which a current is flovnng, 
the cuiTent develops magnetism in the bar. It was dis- 
covered by Faraday that the converse also holds good, 
and that a magnet can give rise to an electric current. 
Thus, in Fig, 129, let the terminations a h of the helix c 

?^<^^be the phenomena of the electro-dynamic helfx, Fig. 127. De- 
th^ °®® °^ ^"® ^^* *^^^^- What is Ampere's theoiy of the nature of 

wie magnet 7 Can a magnetized bar be made to develop electric ctLhrenti » 



Fig. 129. 
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be brought in contact, and having placed a soft iron bar, 
n 8, within it, let the bar be made magnetic by the ap- 
proach of a strong magnet. ABfis assumes the magnetic 
condition, it generates a current, which runs through the 
helix c ; and if at this moment the wires a b are- drawn 
apart, a bright spark, sometimes called the magnetic 
spark, passes. It does not come, however, from the mag- 
net itself, but is due to the electric current established in 
the helix by the disturbing action of the magnet. If he- 
tween the terminations a b vl slender wire is placed, it 
may be made red hot, or water may be decomposed, or 
any of the phenomena of a Voltaic battery may be exhib- 
ited by the aid of this magneto-electric current. On this 
principle ai*e coi^istructed the magneto-electric machines, 
of which different forms have of late been so generaUy 
introduced for the purpose of the medicinal application of 
electricity. They all depend essentially on the principle, 
that if we coil round a piece of soft iron a conducting 
wire, as often as the iron is magnetized, a wave of elec- 
tricity flows through the wire. 

If two conducting wires be placed parallel and near to 
each other, when an electric current is -passed through 
one of them a wave of electricity flows in the opposite di- 
rection through the other ; and on the first current stop- 
ping, another wave, coinciding with it, passes through the 
second wire. These momentary currents are all called, 
from the name of their discoverer, Faradian currents. 

If we take a bar of antimony, a, Fig, 130, and one of 
bismuth, b, and having soldered them end to Fig; iso. 
' end at c, pass a feeble current through them 
in a direction fix)m the antimony to the bis- 
muth, the temperature of the compound bar 
rises ; but if the current passes in the oppo- 
site direction, cold is produced. By fixing 
thermometers into the substance of the bars, 
these facts may be readily verified, and in the 
latter case, when water is placed in a depres- 
sion made for it in the bar, and the reduction of tempera- 
ture slightly aided, it can be fix)zen by the electric current. 

The same compound bar of bismuth and antimony, 

What are the properties of these currents ? What is the principle of 
the magneto-electric machine ? What is meant hv Faradiod carrents f 
What us their directkm ? How may .heat and cold he produced hy a cur- 
rent in a compoond bar ? 
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having its extrenaities connected together by a wire, when- 
ever heat is applied to the juBction, an electric current sets 
fiom the bismuth to the antimony, and when cold is appli- 
ed, from the antimony to the bismuth. These important 
fiusts were discovered by Seebeck in 1822, and the cur^ 
rents have been designated by him thermo-electric currents. 
For the production of these thermo-electric effects, two 
metak are not necessarily required. One end of a thick 
metallic wire being made red hot and brought in contact 
with the other, a current instantly passes from the hot to 
the colder portion, and continues to flow in diminishing 
quantities until the two ends have reached the same tem- 

Serature. Or if a metallic ring be made red hot in any 
mited portion of its circumference, so long as the heat 
passes with freedom to the right hand and to the left, 
electric development does not appear ; but if we touch 
with a cold rod the hot portion, abstracting thereby a por- 
ti/On of its heat, a current in an instant runs round it. 

It is not alone in metals that these thermo-electric cur- 
rents can be induced ; other solids, and even liquids, may 
originate th^m. Among metals associated together, the 
relation often exhibits singular chapges. Copper and iran 
fi>rm a very active couple until their temperature ap- 
proaches 800^ F. ; the current then stops, and on contin- 
uing the heat, another current is developed, passing in the 
Opposite way. The same takes place with a pair of sil- 
ver and zinc, at a temperature of 248P F. 

Thermo-electric currents generated in metallic bars, 
experiencing little resistance to conduction, have therefore 
very little tension ; the thinnest stratum of water is a per- 
fect non-conductor to thein. 

In any thermo-electric couple the quantity of electrici- 
ty evplyed depends upon the temperature ; but, as I have 
Gjhown in a memoir on the electro-motive power of heat, 
inserted in the Philosojphical Magazine for June, 1840, it 
is not directly proportional to it> except through limited 
rauges of temperature ; we can not, therefore, make use 
of diese currents for the determination of tempei-atures 
with accuracy, on the hypothesis of the proportionality of 
the quantities of electricity to the quantities of heat. 

What are thernlo-electric cairents? Can t^ej be generated by one 
metal only ? Can they origfinate in other solids, besides metals, and in 
liquids ? What is the action of a pair of oopper and iron, and silver and 
sine ? Why have they so little tension 7 Is the quantity of electricit? 
avolved proportional to the temperature t 
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By joiniD^ a system of bars alternately together, we 
may redaplicate the effects of a single pair. As might 
have been predicted on the theory of Ohm, and as I hare 
shewn in. the memoir just quoted experimentally, where 
the conducting resistance remains the stone, the quantity 
that passes the circuit is directly proportional to the num- 
ber of pairs. It is upon this principle that, several years 
ago, M. Melloni constructed his thermo-electsic multiplier, 
Jnjf . 131. Thirty or forty pairs of minute bars of bisnrath 




md antimony F F, with their alternate ends soldered U 
gether, are arranged in a small space, so that their end4 
expose an area not exceeding the section of the bulb of a 
common thermometer, the current that passes from this 

§ile being so conducted, by means of wires G C, as to de- 
ed a magnetic needle. To the thermo-electric pile a-gal- 
vanometer is therefore attached, as seen in Fig. 132, 




What U the vrincipU o(th« tlMniio^eotrio nraltiplier of Melkni 7 How 
iBitMutriMUdT 



\42 



T|l£9MO-ELSCTtlC PAIM. 



wfaicb represents the whole instrument in section and 
perspective. A B C is the coil of the multiplier, its ter- 
minal wires ending in the connecting cups, F F'. > The 
c<»l rests on a plate, D E, which can be made to revolve 
by means of a wheel and screw connected with the but- 
ton G. An astatic combination of needles is support- 
ed by the frame Q M N, by a single silk thread, V L. 
To protect the instrument from currents of air, it is cov- 
ered with a glass , cylinder, R L, strengthened by brass 
rings, P S, Y Z ; K T is thp basis on which the cylinder 
rests. ' The angle of deflection of the needle is taken as 
the measure of the temperature. Of all thermometers, 
this is by far the most sensitive. 

I have introduced certain improvements in the con- 

Fig. 133. - - - 



MM 

a a' h^ 



"Q0d" 



struction of the thermo- 
electric element. Let 
a, Fig. 133, be a bard 
antimony, and h a bar 
of bismuth, Let them 
be soldered along c <Z, 
and at d let the temper- 
ature be raised ; a cur- 
rent is immediately ex- 
cited, but this does not 
pass round the bars a b, 
inasmuch as it finds a shorter and readier channel through 
the metals between c and d^ as indicated by the arrows. 
Nor will the whole current pass round^the bars until the 
temperature of the soldered surface has become uniform. 
An improvement on this construction is, therefore, such as 
is represented at a' i/, which consists of the former ^- 
rangement cut out along the dotted lines ; here the whode 
current, as soon as it exists, is forced to pass along the 
bars. One of the best forms of a thermo-electric pair is 
given at a" h'\ where a" is a semi-cylindrical bar of an- 
timony and b'^ of bismuth, united by the opposite comers 
of a lozenge^shaped piece of copper, c. The heat is to fall 
on c, which becomes hot and cold with promptitude, and 
deterpiines a. current. 

Besides the various sources of electricity to which I 
have referred, thete are certain animals which possess 

In what niaiiner may the simple thermo-electric pair be Improyed f 
What is animal electricity ? 
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the power of controlling the equilibrium of the electrio 
fluid in their neighborhood at will, being accommodated 
for this purpose with a specific nervous apparatus. The 
torpedo, a fish living in the Mediterranean, and the gym- 
notus electricus, wmeh is found in some of the fresh-wa- 
ter streams of South America, have this property. The 
shock of the torpedo passes through conducting bodies, 
but not through non-conductors. A gymnotus which was 
exhibited in London was found to deflect a magnetic nee- 
dle powerfully by its discharge. A steel wire was mag« 
netized by it, and iodide of potassium decomposed. In an 
interrupted metallic circuit a spark was seen, and the in- 
duced spark was also obtained by a coil. The current, 
passed fi:om the anterior to the posterior parts of flhe animaL 
Mr. Faraday, the au'^hor of these experiments, calculates 
that the quantity of electricity passing at each discharge 
of the fish was equal to that of a Ley den battery contain- 
ing 3500 square inches charged to its highest degree, and 
this could be repeated two or three times with scarce a 
sensible interval of time. 

As the electricity which these animals discharge de- 
pends on their nervous action, the production ai it is at- 
tended with a corresponding nervous exhaustion. It is, 
therefore, not improbable that the converse of these actions 
holds good, and hereafter it will be found that electricity 
reacts on the nervous fluid. 

In concluding this subject, I may mention a source of 
electricity which of late has excited much attention. When 
high-pressure steam is allowed to escape from a boiler 
through a narrow jet, a powerful excitement is produced, 
and sparks many feet in length may be obtained. The 
effect appears to be due to the friction of minute drops of 
water against the tube through which the steam is es- 
caping. 

By what animalfl is it exhibited ? What effects have been produced 
by me electricity of the gvmiiotas 7 What is the computed quantity of 
the electricity in each discnarge? Why is this electric development at- 
tended with a nervous exhaustion 1 What is the cause of electricity pro- 
duced by steam ? 
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LECTURE YXXTIL 

The NoHiENCL ature. — The French I^omtnckUkre. • 
Dahle of EUimentary Bodies. — Nomen^dabere for Com- 
found Bodies, Acids, Bases, and Satis. 

Until after the discovery of oxygen gas, the nomencla- 
ture of chemistry was very loose and complicated. The 
trivial names which were bestowed on various bodSbs had 
frequently little connection with their properties ; some- 
times they were derived from the name of the discoverer, 
or sometimes from the place of his residence. Glauber 
salt takes its designation from the chemist who first 
brought it into notice, and Epsom salt from a village in 
England, in which it was at one time made. 

It is obvious that such a system of nomenclature, as 
soon as the number of compound bodies increased, would 
not only become unmanageable, but, by reason of the im- 
possibility of carrying in the memory such amass of uncon- 
nected terms, offer a very serious impediment to the prog- 
ress of the sdence. L avoisier and his associates, about the 
close of the last century, constructed a new nomenclature, 
with a view of avoiding these difficulties. Its principles, 
with some modifications, are now universally received. 
The following is a brief exposition of it : 

Natural bodies may be divided into two classes, simple 
and compound; the former are also called elementary. Bj 
simple or elementary bodies we mean those which have 
not as yet been decomposed. 

Among simple substances, those which have been known 
for a long time retain the names by which they are pop- 
ularly distinguished; thus, gold, iron, copper, &c.; and 
when new bodies belonging to this class are discovered, 

,^^at was the natwe of tiie aomenclatare lurad by the older chemiflti T 
vvnen waa the system now in use invented? What is meant by aimple 
or elementary bodies 7 What is the rule for the old simple bodies T Whrt 
«*r those newly discovered ? 
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they are to receive a name descriptive of one of their 
leading properties ; thus, chlorine takes its name from its 
greenish color, and iodine from its purple vapor. It is to 
be regretted that this rule has o&en heeu overlooked. 

Some doubt exists as to the exact number of the ele- 
mentary bodies. It may be estimated at 58, including 
three metals recently discovered, the dtles of which have 
not yet been completely established. 

Of the list of elementary bodies, the metals form by far 
the larger portion, there being 45 of them ; the remaining 
13 are commonly spoken of as non-metallic substances. 
By some authors these are called metalloids, in contra- 
iistinction to the metals, an epithet which, however, is 
very objectionable. 

TaMe afdemeniaty or timple Subttaneeif wUh their Symbols and Atomie 
WdghU, 



NoD-oMtallie Xlsnwito. 


Symbob. 


▲twts. 


MeUDie XhmeDta. 


Srmbok: 


Atwto. 


IS" : : : 


a 


1000 


^rbium .... 
T'ezhium .... 


B. 
Tr. 




9* 


U^ft. 


Manganese . . 


Mn. 


27-72 


Sulphur .... 


^. 


.15.7^ 


Iron 


Pe. 


27-18 


Phosphorof . . 


p. 


Cobalt .... 


Co. 


29-57 


Carbon .... 


d. 


^x 


Nickel . . . . 


Ki. 


29-62 


Chlorme. . . . 


CL 


35117* 


sZinc ..... 


it 


38-31 


Bromine 


Bo 




c!admium ... 


55-83 


Iodine . -. , . . 


I. 


Lead 


-Pb. 


103-73 


Plnorine . . . 


». 


18-74 


Tin 


Sn. 


58-92 


Boron . . ' . . 


5i. 


10-91 


Biflmutli • . « . 


Bi. 


71-07 


SiKcon .... 


Si 


22-22 


Copper .... 


Cu- 


31-71 


Selenium . - . . 


^^. 


39-63 


Uranium ... 


U. 


317-20 








Mercttiy .... 


Hg. 


202-87 


MeUlUc^llVMdtfl. 






Silver. . . 


i 


108-31 


FotaBsiiUB . i . 


K. 


39-26 


FaUadiTun 


63-36 


Sodium .... 


Na. 


23-31 




B. 


52-20 


ItiMUum . <* • . 


L. 


6-44 


Iridium . . . 


Ir. 


98-84 


Barium 


Ba. 


68-66 


Platinnm . . . 


Pt. 


98-84 


Strontium . . . 


Sr. 


43-85 


Gold . ... 


An. 


199-2 


Calcium .... 


Ca. 


20-52 


Oimium. . • . 


Oa. 


99-72 


Idagnesium . . 


^- 


12-89 


Titanium . . . 


Ti. 


24-33 


Afatninnm . 


13-72 


Tantalum . . . 


Ta. 


184-90 


GIncinnm . . . 


a. 


26-54 


Tellurium « . . 


Te. 


64-25 


Yttrium .... 


Y. 


32-25 


Tungsten . . . 


W. 


99-70 


K|i^(yiHHyi1H « • « 


z. 


33-67 


Molybdemmi . . 


Mo. 


47-96 


Thorium. . . 


Th. 


59-83 


Vaaadiuxv . . . 


V. 


68-66 


Cerium .... 


Ce. 


46.05 


Onronuum . . • 


Cr. 


28-19 


Xan&anum . . 
Didymium . . . 


La. 






Sb. 


64-62 


1>. 




Anenic .... 


As. 


37-67 



Compound bodies may, for the most part, be divjided 

What is the number of the elementary bodies 7 Of these, to what class 
do die greater part belong? What are the symbols for the elemSbtary 
bodies ? What are their atomic weights ? 
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into three groups: acids, bases, and salts. By an acid 
we mean a body having u sour taste, reddening vegetable 
blue colors, and neutralizing alkalies ; by a base, a body 
which restores to blue rtie color reddened by an acid, and 
possessing the quality of neutralizing the properties of an 
acid ; by a.salt, the body arising from the union of an acid 
and a base. These definitions, however, are to be receiv- 
ed with considerable limitation. 

The nomenclature for acid substances is best seen from 
an example. Thus, sulphur and oxygen unite to form an 
acid : it is called sulphuric acid; the termination in ic being 
expressive of that fact. But very frequently two substances 
will form mo^o than one acid, by uniting in different pro- 
portions ; in this case the termination in oy^ is used>; thus 
we have sulphurous acid, so called because it contains less 
oxygen than sulphur)p. The prefix '^ hypo" is also used, 
as in hyposulphurous and hyposulphuric acids : it indicates 
acids containing less oxygen than sulphnrous and sulphuric 
acids. The prefix ** hyper" is ilSed in thefsame way; thus, 
hyperchloric acid, an acid' contaifting more oxygen than 
chloric acid. ^^ • • 

With respect to bases, the generic termination is in ide. 
If oxygen and lead unite, we nave oxide of lead, and in 
the same manner we have chlorides, bromides, iodides, 
and fluorides. And if these elements form compounds in 
more proportions than one, we indicate their proportion 
dy the Greek numerals protos, deuteros^. tritos ; thus we 
have protoxides, deutoxides, tritoxides ; the protoxide of 
lead contains one atom of oxygen and one of lead, the 
deutochloride of mercury two atoms of chlorine and one 
of mercury, &c. In the same manner, the prefixes sub, 
sesqui, and per are used; thus, a suboxide contains the 
lowest proportion of oxygeti,. a peroxide the highest pro- 
portion, and a sesquioxide intervenes between a protoxide 
and a deutoxide, its oxygen being in the proportion of one 
atom and a lialf. 

By an alloy, we mean the substance arising from the 
union of twp metals ; thus^ copper and zinc unite to form 

Into what f^Toaps znay compound bodies be divided ? What is the defi- 
nition of an nciU / What is a base % What is a salt ? What do the teyw 
miuations ic oud onu indicated ? What is the zneaniag of the preSxes hypo 
and kifper ? What does the termination tVfe signify ? What the prefixci 
protak, dsidero»^ and tritost tub, Btsqui, and par ? - What is an alloy aud 
an amaR^am ? 
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brass, which is an allc^. If <me of the metals is merciuyt 
the coipppund is called an amalgam. And when sulphur, 
phosphorus, carbon, and selenium unite with metals, oi 
with each other, the termination ttret is used ; thus we 
have sulphurets, phosphurets, carburets, &;c. 

With respect to the nomenclature for salts, the teimi* 
nations ato and ite ai-e used to indicate acids in ic and aus 
respectively. The sulphate of potash contains sulphuric 
acid, and ike sulphite of potash sulphurous acid. And 
as we have already seen that different oxides arise by the 
union of oxygen in different proportions, and these bodies 
frequently give rise to different series of salts, die -opera- 
tion of the nomenclature may be readily traced ; thus, 
the protosulphate of iron is the sulphate of the protoxide 
(^ iron, but the persulphate of iron is a sulphate of the 
peroxide^ and the deutosulpbate of platinum a su^ate 
of the deiitoxide of platinum. When the relative quan- 
tity of the acid and base varies, Latin numerals are em- 
ployed ; thus the bisulphate of potash contains two atoms 
of sulphuric acid and one of potash. 

Salts are said to be neutral if neither their acid nor 
base be in excess. If the acid predominates, it is an ^feid, 
or supeivsalt ; if the base, it is a basic, or sub-salt. 



LECTURE XXXIV. 

The Symbols. — Failure of the Nomenclature in the Cast 
of Cotnplegs Compounds. — Failure in Difference of 
Grouping, — Symbols for elementary Bodies, — Express 
sions for several Atoms, — Use of the Plus Sign. — Ex- 
pressions Jbr Chrouping. 

So long as the constitution of compound bodies is sim- 
ple there is no difficulty in applying the nomenclature, oi 
m recognizing from the name of the compound the nature 
and proportions of its constituents. Thus, protoxide of 
hydrogen clearly indicates a body in which one atom of 
oxygen is united with one of hydrogen, bisulphate of pot- 
ash a body composed of two atoms of sulphuric acid and 

Wbea is the tonKlasttlo.i vrct o?)iT»loyefl ^ "Wlr t en the teiminatiom 
«« ftOd ite indicate ? Whp.r is the i.'onienclai' -e for Ui?. snlt«' ? What i* 
a neutral salt ? What is en arid, o;* enpcr-salt ? Wljat is a basic, or aub- 
Bait? Under what circumstaxK:d« does the nomenclatare apply, osd when 
doaaitfail? 
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one of pota«fa, and eyen in more complicated cases, audi 
as the aulphato-tricarbonate of lead, occ, the same prin- 
ciples will serve as a guide. 

But when compound bodies consist of a ereat numbex 
of atoms, the nomenclature ceases to be of any service. 
Thus, starch is composed of twelve atoms of carbon, ten 
of hydroffen, and ten of oxygen. Fibrin is composed of 
forty-eight atoms of carbon, thirty-six of hydrogen, four* 
teen of oxygen, six of nitrogen, with minute but essential 
quantities of sulphur and phosph<Hiis. On the principles 
of the nomenclature, it would be difficult to give to the 
first a technical name, and in the case of the latter im- 
possible. 

The peculiarity of organic compounds is, that they 
contain out few of the elementary oodies, being chiefly 
made up of carbon, hydrogen, oxygen, and nitrogen ; but 
these, as in the case of fibrin, unite in. a very eomplicated 
way, very often hundreds of atoms being involved. The 
nomenclature is therefore inapplicable to organic chemistry. 

There is also another very serious difficulty in its way. 
It has been discovered that compounds may consist of the 
same elements, united in precisely the same proportions, 
so that when they are analyzed diey yield precisely the 
same results, and yet they may, in reality, be very differ- 
ent substances. Identity in composition is no proof of 
the sameness of bodies. Thus we may have the same 
elements uniting together in the same proportion, and 
yielding a solid, a liquid, or a gas indifferently. This re- 
sult may depend on several causes, as will be presently 
explained; but among these causes I may here specify what 
is termed by chemists " Grouping." Thus, suppose four 
elementary bodies, A B C D, unite together, there is ob- 
viously a series of compounds which may arise by per- 
muting or grouping them differently, as in the following 
example : 

(1) 4 + B-l-C + D. 

(2) AC +BD. 

(3) AD -fCB. 
&c Jkc 



What ii the peculiarity of organic componnidt 7 Why is the nommneila^ 
tore inapplicahle to organic chemistry ? Is identity of compositian aiiy 
proof of m identity of bodies 7 What is meant by groaping? Gire an . 
example. ^ 
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The niethod of symbols which is designed to meet these 
difficulties, and is, in reality, an appendix and improve- 
ment upcm the nomenclature, was originally introduced 
by Berzelius ; but the form which is now most commonly 
adopted is that of Liebig and Poggendorff. The advan 
tages which have been found to accrue from it are so 
^ great, that it is now introduced into every part of chemis- 
try, so that it is impossible to read a modem work on thiv 
science Mrithout having previously mastered the symbols 

The student should not be discouraged at the mathe- 
matical appearance of chemical formulae. He will find, 
by a Httle attention, that they are founded upon the sim- 
plest principles, and involve merely the arithmetical 
operations of addition and multiplication. The following 
is a >brief expositicm of their nature : 

For the symbol of an elementary substance we take the 
first letter of its Latin name, as is shown in the table 
given in the last lecture. Those syinbols should be com- 
mitted to memory. But as it happens that several sub- 
stances sometimes have the same initial letter, to distin- 
guish between them we add a second small letter. Thus, 
carbon has for its symbol G, ; chlorine, CI, ; copper (cu- 
prum), Ou, ; cadmium, Cd,^ &c. It may be observed that 
in the case of recent Latin names the German synonym 
is always used ; thus, potasedum is called kalium in Ger- 
many, and has for its symbol K, ; sodium is called natri- 
um, and has for its symbol iVa., &c. 

But a symbolic letter standing alone not merely repre- 
sents a substance ; it farther represents one atom of it ; 
thus, C means one atom of carbon, and O one atom of 
oxygen. 

If we wish to indicate that more than one atom is pres- 
ent, we affix an appropriate figure, as in the following 
examples : G^^ • H^q . O^q. Thus, nitric acid is composed 
of one atom of nitrogen united to five of oxygen, and we 
wiite it NOf,, 

When a compound, formed of several compounds, is to 
be represented, we make use of an intervening comma ; 
thus, strong oil of vitriol is composed of one atom of sulphur 

What aro the synibds for elementary bodies T When two bodies be 

gm wil^ the same letter, how are the symbols arranged ? What does • 

fingle syndx>l standiiijg alone represent f ' How are more atoms than one 

nmreaehted 7 How is the oomma employed? 

N2 
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Bod tluae of oxygen, united with one atom of water, wliidb 
is composed of one atom of oxygen and one of hydrogen, 
and we write it SO3, HO. 

If we desire to indicate that compounds are united with 
a feehle affinity, we make use of the sign + ; thua^ the 
composition of sulphuric acid may be written SO3, or 
SOt+ (X, the latter formula implying that one of the atoms 
of oxygen is held by a feebler affmity than the otiier two. 

When a large figure, or coefficient, is placed on the 
same line as the symbol, and to the left of it, it muJtiplies 
that symbol as far as the first comma or + sign; or, if the 
formula be placed in a parenthesis, it multiplies every 
letter under the parenthesis; thus, 2SO^, KO, HO or 
2S03'{'KO+HO mean two atoms of sulphuric acid 
united with one of potash and one of water, forming the 
bisulphate of potash; but 2{SOtt KO^ HO,) would repre- 
sent two atoms of a salt composed of one of sulphuric acid, 
one of potash, and one of water, the figure here multiply- 
ing all under the parenthesis. 

The advantages which arise from the use of these sim- 
ple rules are very great; we can, even with the most 
complex bodies, not only express their composition, but 
also the molecular arrangement, or grouping of their 
atoms; we can follow them through the most intricate 
changes, and without difficulty trace out their metamorph- 
oses. For example, analysis shows that alcohol is com- 
posed of 

C -Hi, Og, 
but many facts in its history lead us to know that its mole- 
cular constitution is 

(C^,)0+HO; 
that is to say, it contains a compound radical C^H^, to 
which the name of ethyl has been given, and this fact 
being understood, we see at once that upon the principles 
of the nomenclature the true name for alcohol is the hy- 
drated oxide of ethyl ; moreover, alcohol is derived by 
processes of fermentation from sugar. The constitution 
of dry grape sugar is 

^l«» -"Ml O12, 

What if' the ase of the sign plus t How far does a ooefloient multi- 
ply 1 What, are the advantag^ea arisingp from' the aymhob ? Give an ex 
ample in the caae of alcohol 
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TVtw complex atom, under the iufluence of active yeaat, ia 
split into 

. 2(C,^, O,) 4(C70,), 

that is to say, into two atoms of alcohol and four of cax 
bonic acid gas; and, accordingly, we find, during fermen- 
tation, that the sugar disappears, alcohol forming iu the 
liquid, and carbonic, acid gas escapes. 

The student should accustom himself to the translation 
of the nomenclature into symbols, and symbols into the 
nomenclature, in cases where it is possible, for it is abso- 
lutely essential that he should be perfectly familiar with 
the process. ' 



LECTURE XXXV. 

The Laws of Combination. — Law ofFtxed^ Proparttam. 
- — Numerical Law, — Multiple Law. — Mod-es of express- 
ing Composition, — ProportumSt Equivalents, and Atomic 
Weights, —^Relation between Combining Volumes and 
Atomic Weights. — Table of Specific Gravities and 
Atomic Weights. 

It has been shown, in the first and second lectures, 
that material substances possess an atomic constitution, 
and all the phenomena of chemistry bear out this conclu- 
sion. It follows, therefore, when substances combine 
with each other and give rise to new products, the union 
takes place by the atoms of the one associating themselves 
with tne atoms of the other, and as these atoms possess 
weight and other properties which are specific, there are 
certain circumstances, easily foreseen, which must attend 
•uch combinations. / 

1st. The constitution of a compound body must always 
be fixed and invaiiable. This arises from the fact of the 
unchangeability of the properties of atoms ; out; atom of 
water will always be composed of one atom of oxygen 
and one of hydrogen; one atom of carbonate of lira© will 
always consist of one atom of carbonic acid and one of 
lime. Or, more generally, if a good analysis of water ha« 
shown that nine grains of that substance contain eight 

In what maimer does the combination of bodies take place ? What ij 
meant by the law of fixed proportiona T 
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grains of oxygen and one of hydrogen, every subsequent 
aualvsis will correspond therewith. 

2d. The proportions in which bodies are disposed to 
unite with each other can always be represented by cer- 
tain numbers ; these numbers being, in fact, the relative 
weights of their atoms. Thus water is composed of an 
atom of oxygen and one of hydrogen, and masmuch as 
the oxygen atom is eieht times heavier than that of hy- 
drogen, it necessarily follows that in every nine parts of 
water we shall have eight of oxygen and one oi hydro- 
gen. These numbers are, therefore, spoken of as the 
combining proportion or equivalents of the substances 
to which they are attached. If, farther, we examine, 
when oxygen and sulphur unite, what are the relative 
quantities, we shall find that eight parts of oxygen com- 
bine with sixteen of sulphur, forming hyposulphurous 
acid. And if sulphur and hydrogen unite, it will be found 
that sixteen of sulphur combine with one of hydrogen. 
In this manner, by examining the various elementary 
bodies, we find that certain numbers are expressive of the 
proportions in which they are disposed to unite, and these 
numbers represent the relative weight of their atoms; 
thus, if 1 be taken as the atomic weight of hydrogen, that of 
oxygen is 8, that of sulphur 16, &c. ; the atomic weights of 
the elementary bodies have been given in Lect XXXIII. 

3d. If two substances unite with each other in more 
proportions than one, those proportions bear a very simple 
arithmetical relation to one another; thus, 14 gi-ains of 
nitrogen will successively unite with 8, 16, 24, 32, 40 
grains of oxygen, forming successively the protoxide of 
nitrogen, the deutoxide, hyponitrous acid, nitrous acid, 
and nitric acid. And when the numbers expressing the 
amount of oxygen are examined, it is seen that they are 
in the second twice, in the third thrice, in the fourth four 
times, and in the fiflh five times the amount of the first; 
they are, therefore, simple multiples of it. The reason of 
this is plain when we write the constitution of these bodies 
in symools ; they are successively, 

NO..NO,..NO^..NO,..NOs; 

What by the nnmerieal law 7 Give an examDle in each caae. What 
do the miinbenr repiresent 7 Give examples of tnese nnmbert. What ii 
meant by the moltiple law 7 Gtive an example of it in the case of the com 
pounds of nitiogen and oxygen. 
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and -if one atom of oxygen weighs 8, two must weigh 16, 
three 24, four 32, &;c.; the multiple law, therefore, is a 
necessary consequence of the combinatien c£ atoms. 

Observation has shown that there are two series ac- 
eording to which bodies may unite with each other. 

(1.) 1 atom of A Inay amte with 1, 2, 2, 4, 5, tec, atonic of B. 
(2.) 1 atom of A may imite witih ^, 1, l^, 2, 8^, 3, Ac, atoma of B. 

But as an atom is indivisible, there can be no su(^ 
thing as a half atom; consequently the second series be- 
comes, 

(3.) 2 atoma of A may imite with Ij 2, 3, i, S, Sec, atoma of B. 

The three foregoing laws are known under the name 
c^the laws of combination ; they are the law of definite' 
proportions, the law of numbers, and the multiple law. 

There are three ways in which the composition of a 
substance may frequently be expressed : 1, by atom ; 2, 
by weigbt ; 3, by volume. Thus, the constitution of wa-> 
ter, by atom, is one of oxygen to one of hydrogen ; by 
weight, it is one of hydrogeiL to eight of oxygen ; and by 
volume, two of hydrogen to one of oxygen. These dif- 
ferent modes of expression involve nothing contradictory ; 
they are all reconciled by the statement that the atom of 
oxygen is eight times as heavy as that of hydrogen, but 
only half the size. 

By some authors the terms combining proportion and 
equivalent are used ; they have the same signification as 
atomic weight. And as we know nothing of the absolute 
weight of atoms, but only their relative proportions to 
each other, we may select any substance with which to 
compare all the rest, and make it our unit or term of com- 
parison» In this book hydrogen is employed for this pur- 
pose, and its atomic weight is marked 1 ; on the Continent 
t)f Europe oxygen is selected, and marked 100. It is 
obvious that this does not affect tho relationship of the 
numbers, for it is the same thing whether we state tho 
atomic weights of hydrogen and oxygen as 1 to 8, or as 
12|tol00. 

What are die two leriea in which hodiea may imite ? In what wayt 
may the composition of a body be frequently expressed 1 How is the ap- 
parent contradiction of these statements reconcUed 1 What do proportion 
aod eqaivalent signify? What ii the substance with which all others 
are oonipared fibr their atomic wigVta in this book? What other stand- 
ards miaht be employeiS t 
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Combinatioiis may take place in two diffbrent ways : 
iMt, in definite proportions; 2d« in indefoite propoztionB. 
It is to the former that all the foregoing observations and 
laws apply. One grain of hydrogen will not unite with 
nine or seven grains of oxygen* but only with eight. But 
one drop of spirits of wine may combine with one of wa 
ter, or with a pint, or a quart, or ten gallons. This is 
what is understood by union in indefinite proportions. 

When two gaseous bodies unite, their comoining pro 
portions bear a simple relation to each other ; one volume 
of hydrogen unites with one of chlorine,^ and produces 
two volumes of hydrochloric acid. And in the case of the 
five compounds of nitrogen just referred tp, two volumes 
of that gas oomlHne successively with 1, 2, 3, 4, 5 of 
oxygen. 

A relation, therefore, exists between the combining 
volume and the atomic weight of gaseous bodies. If the 
weight of a given volume of oxygen be called 1000, that 
of an equal volume of hydrogen will be 625, these num- 
bers representing, of course, the specific gravity of the 
two gases. The proportion in which they unite is one 
volume of oxygen to two of hydrogen to form water ; the 
relative weights of these quantities, therefore, would be 
100*0 to 6-25x2, that is, 100*0 to 12-50, but these num 
bers are the atomic weights of the bodies respectively. 
From such eonsideradons, it was at one time supposed 
that, in the case of all gases, the specific gravities would 
correspond to the atomic weights. Experience has, how- 
ever, sho^n that this is not the case, as is seen in the 
following table : 



Gu, or Tapor. 


Speiilc OntTHie*. 




▲ir»l. 


^ydn«,«-l. 


ByVolaii*. 


»y Weight. 


Hydrogen . 


0-0690 


, 100 


100- 


1-00 


Nitrogen 


0-9727 


1412 


100- 


14-15 


Carbon (hypothetical) . ... 


0.4213 


612 


100- 


6-12 


CJhlorine 


2-4700 


35-84 


100* 


35-42 


Iodine 


8-7011 


126-30 


100- 


126-30 


Bromine 


5-3930 
6-9690 


78-40 
101-00 


100- 
200- 


78-40 
S02-00 


Mercory . 


Oxygen 


11025 


1600 


50- 


800 


fhosphorot 


4-3273 


628 


25- 


15-70 


Arsenic 


10-3620 


150-8 


25- 


37-7 


flolphor 


6*6480 


96-48 


16-66 


1610 



j/^at are the two modes of combination ? What relation ia observed 
When gases combine by volume ? What ia the relation between specijic 
e^aviciea ^nd atomic weights ? 
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Prom this it is seen, that if the combining volume of 
hydrogen, nitrogen, or chlorine be taken as unity, that of 
oxygen is one half, of vapor of phosphorus one fourth, and 
of vapor of sulphur one sixth. 



LECTURE XXXVI. 

Constitution of Bodies. — Calculation, of Specific Grav' 
ities. — Crystallization. — Systems of Crystals. — Dimor- 
phism, — Iscj^orphism, — Isom^nyhous Groups, — Isomer- 
ism, — Metameric and Polymeric Bodies* — Allotropic 
States of Bodies, 

On the principles which have just been developed, we 
can often calculate the specific gravity of a compound gas 
with more accuracy than it can be determined experi- 
mentally. Thus, hydrochloric acid, which consists of 
equal volumes of chlorine and hydrogen united, without 
condensation, must have a specific gravity of 1*2695, be- 
cause the specific gravity of hydrogen being 0-0690, and 
that of chlorine 2*4700, the sum of which, 2*5390, is the 
weight of two volumes of hydrochloric acid, and, there- 
fore, if we divide by 2, the quotient, 1*2695, is equal to 
the weight of one volume ; or, in other words, the specific 
gravity of the compound gas. 

Sometimes, also, we can determine the specific gravity 
or a vapor by calculation when it is impossible to do so 
experiraentally. Assuming that one volume of carbonic 
acid gas contains one volume of oxygen and one of car- 
bon vajior, we have. 

Specific gravity of carbonic acid . . . 1'5238 

" " oxygen 1*1025 

" " carbon vapor . . . '4213 

The hypothetical specific gravity of the vapor of carbon 
is therefore *4213. 

The rule for the calculation of specific gravities, on the 
foregoing principles, is, "Multiply the specific gravities 
of the simple gases or vapors respectively by the volumes 
in which they combine, add those products together, and 

How may the specific gravity of a oompoond gas be determined ? How 
ia the hypothetical specific gravity of the vapor of carbon determined 7 
What is the rule for the calculation of the specific gravities of compound 
gases from those of their constituents ? 
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divide the sum by the number of volumes of the compound 
gas produced." 

It frequently happens that substances assuming the 
solid form, from the liquid or vaporous states, take on a 
geometrical figure, being terminated by sharp edges and 
solid angles ; under such circumstances, they are said to 
crystallize. Thus, common salt will crystallize in cubes, 
and nitrate of potash in six-sided prisms. 

The various geometrical forms which crystals can thus 
assume may'be divided into six classes, or systems : 

!1.) The Begolar aystem. 
|3.i The Rhombohedral Byitexn. 
3.1 The S<)aare Prumatic ayitem. 
4.) The Right Prismatic ayatexn. 
5.) The Oblique Priamatio ayatem. 
6.) The Doably Oblique Priamatic ayatem. 

Tflis division is founded on the relations of certfedn lines, 
or axes, which may be supposed to be drawn through the 
center of the crystal round which its parts are symmetri- 
cally arranged. 

THE REGULAR SYSTEM. 

This has three equal axes at right angles to each other. 

^.134. 




The letters a a show the direction of the axes. The 
figure {Fig. 134) represents, 1. The cube; 2. Regular or- 
tahedron ; and, 3. Ahomhic dodecahedron. 

THE SQUARE PRISMATIC SYSTEM. 

This has three axes, two of which are equal, and the 
third of a different length. 

a a is the principal axis; b h the secondary one. In 
the figure {Fig. 135), 1 is a right square prism^ with the 
axes on the center of the sides, b h; 2 is a right square 

What are the six syertems of cryataUization ? Upon what fact ia tiiia 
diviaion founded 7 In the regular avatem, what ia the relation of the axea v 
Tn ibe aquare priamatic ayatem, what ia their relation 7 



8T8TEM8 OF CKTSTALUZATiOlT. 
Fig. 1S5. 



n / 



fS> 



J<±>! L^ 



£2: 



li-^Ji 




prisnif with the axes in the edges ; S and 4 corresponding 
right square octahedrtms. 

THE RIOHT PRISMATIC SYSTEM 

has three axes, a a, b h, c c, g£ unequal lengths, at right 
angles to each other. 

# 




^cr^ 



In the figure (Fig. 136), 1 is aright rectangular prism ; 
2. Sight rhombic prism ; 3. Right rectangular based aetO' 
hedran ; 4. Right rhombic based octahedron, 

THE OBLIQUE PRISMATIC SYSTEM 

has diree axes, which may be unequal ; two are placed 

Fig, 137. 




What ii it in the right prismatic 7 In the oblique and doable obliqiM 
liHniiatic Byatema, what ia it ? 
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at right apgles to each other, and the third is oblique to 

one and perpendicular to the other. 

In the figure {Fig. 137), 1 is an oblique rectangular 
\im: 2. Om^ue rhombic prism; 3. Oblique rectangular 
ted octahedron ; 4. Oblique rhombic based octahedron. 

THE DOUB&T OBLIQUE PRISMATIC STSTElf 

has three axes, which may be all unequal and all oblique. 

f^. 136. 




(n the figure (Fig. 138), 1 and 3 are doubly oblique 
pytsms ; and 3 and 4 doubly oblique octahedrons. 

THE RHOMBOHEDRAL SYSTEM 

has four axes, three of which are equal in the same 
plane, and inclined at angles of 6(P ; the fourth, which is 
the principal axis, is perpendicular to all. 
Fig. 139. 
a- 







In the figure (Fig. 139), 1 is the regular six-^nded prism ; 
2, the dodecahedron ; 3. Wiombohedron ; 4. another dodc' 
cahedron. 

It often happens, owing to a change in the deposit of 
new matter on a crystal while forming, that other figures 
than the proper one are produced ; thus, the cube may 
pass into the octahedron, as shown in Fig. 140. 

How many axes are in the rhombohedral system, and what is their re-, 
?? " ^^*^' tnanner may crystals of on6 form pass into those of 
•notber. as the ciihe into the octahedron? 
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The effect may, perhaps, be better conceived bv imagin- 
ing the solid angle o{ the cube 1 to be cut off by planes 
equally inclined to the constituent faces. 2 represents an 
increased removal of the same kind ; 3 one still farther 
advanced. 

Sometimes it Kappens that each alternate plane of a 
crystal grows at the expense^ of the adjacent one, giving 
rise to hemihedralf or half-sided crystals, as is shown in 
JP^. 141, which represents the tetrahedron, arising in this 
manner from the octahedron by the growth of each alter- 
nate face. 1. The octahedron partially modified ; 2. The 
change farther advtoced ; 3. The tetrahedron completed. 

Fig. 141. 




The angles of crystals are measured by goniometers, of 
which there are several Fig. I4t. 

kinds ; as the common goni- 
ometer, and Wollaston's re- 
flecting goniometer. This 
instrument is represented 
in Fig, 142. The crystal 
to be measured ,y! is fixed 
upon a movable support, 
dj which is in connection 
with the button - headed 
axis of the goniometer, o, 
which passes through a lar- 
ger axis in the upright, h, 
a is a divided circle, and 
e its vernier, which is fixed immovably on the upright, b, 

Wliat are hemihedral crystals, and how are they produced f Deserib* 
the use m* the reflecting goniometer. 
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The edge of the ciystal, which is formed by the two &- 
ces whose inclination is to be measured, is to be set par* 
allel to the axis of the instrument ; and having, by means 
of the button, o, turned the crystal until some definite ob- 
ject, such as the bar of a window, is seen distinctly reflect- 
ed from it, the larger milled head is turned, and with it 
the divided circle and crystal, until the same object ib 
again seen by reflection from the second face. The an- 
gle through which the great circle has moved, subtracted 
m>m 180^, gives the angle included between the two crys- 
talline faces, or their inclination to each other. 

As a general rule, the same substance, crystallizing un- 
der the same circumstances, will produce crystab belong- 
ing to the same system. Cases, however, are known in 
which the same substance belongs to different systems. 
Thus, sulphur will crystallize in rhombic prisms, and also 
rhombic octahedrons. By dimorphous bodies we there- 
fore mean substances which will iSord crystals belonging 
to two different systems. 

Dimorphism is frequently connected with the tempera- 
ture at wnich the crystals were produced. Thus, carbon- 
ate of lime, at ordinary temperatures, yields rhombohe- 
drons, but at th^ boiling point of water right rhombic 
prisms ; and with this d^erence of form a difierence of 
chemical qualities may occur; the bisulphuret of iron, 
for example, crystallizes in cubes which remain unacted 
upon by water or air; but in its fight rhombic form it un- 
dergoes nmid oxydation in moist air, producing sulphate 
of iron. Commonly one of the forms of a dimorphous 
body is less stable than the other, and if the transition 
takes place abruptly, it is sometimes attended by a flash 
of light. 

It was discovered by Mitcherlich, that when different 
compound bodies assume the same form, we are often 
able to trace a remarkable analogy in their chemical com- 
position. Thus, the chloride of sodium, the iodide of po- 
tassium, the fluoride of calcium, &c., crystallize in the 
first system. These substances are all constituted upon 
a common type, in which we have one atom of a metal 

the chemical qualities of bodie-^^^T connected with peguhantie. tt 
oompoaition ofiodide of pS^S^L 7^}^,^^^''^ there in the form nnd 
»— "« pocaaainm and chloride of sodiom ? 
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united to one atom of an electro-negative radical ; oi, 
taking M as the general symbol for the metals, and R fi>r 
the electro-negative radicals, the class is constituted upon 
the type 

M,R. 

and, therefore, include? such bodies as 

Ka..NaCL.KBr..KF..CaF.Ama...kc, 

Such substances are called isomorphous bodies, and the 

designations, isomorphous elements, isomorphous groups, 

are used, being derived from laog, equal, /tiop^, form* 

Let us take a second more complicated case. The 

formula for common alum, the sulphate of alumina a^-) 

potash, is, 

KO,. SO»+MtOt, 3SOM+fUHO. 
Ammonia almn is AmO, 80^ - - Al^ O,, 380^ - - 84irO. 
Clffdme almn is KO, 80t - - Cr, Oa, Z80% - - 9iHO, 
lion alnm is KO, 80» + Fet 0», 3SO» + 24/fO. 

And in the same way an extensive family of alums may 
be formed by the substitution oi a limited number of vari- 
ous other bodies comprised in the general formiila, 

mO, 80^ + Mi O3, 3S0^ + 24JErO, 

in which m represents any metal belonging to the potaa- 
sium group, and M any one belonging to the aluminum 
group. 

All these alums crystallize with the same form, and 
such illustrations afford us reason to believe that that sim- 
ilarity of form is due, in a great measure, to the grouping 
or arrangement of the constituent atoms ; that in a cam* 
pound molecule the ^stances which can replace one an- 
other toithout giving rise to a change of external form must 
have certain relationships to each other. We call them, 
therefore, isomorphous. The following ten groups have 
been established : 



1. 
Silver . . . . ... Ag 

Gold Au 

2- 

Arsenioos Add ^ its 
umsaal form) . . . As% Ch 



Sesqnioxide of Antimo- 
ny . . SbiOt 

3. 

Alamina . . . . • Ah O9 

Besqnioxide of Iron . Fa (h 

'• Cbrominm Cr» (h 



"Why are they called. isomorphous bodies? Give an example of iso- 
morphism in the case of the alums. What general conclusion may be 
drawn from these facts ? How many isomorphous groups have been da- 
tennined ? Enumerate the members belonging to each. 

08 
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Sefqaiozide of Mmn^a- 



Phoiphoric Acid . 
^nenic Acid . . 



Sqlphnric Acid . . • 
Selenic Acid .... 
Chromic Acid .... 
Manganic Acid . . . 

6. 
Hypennan?amc Acid . 
Hyperoblonc Acid . . 

7. 
Salts ofPotash . . 
Salts of Oxide of Am- 



MmOi 



PiOa 

8(h 
SeCh 
CrCh 
MnCh 

MfiiOr 
CI Or 

K,0 ' 
AmO 



8. 
Oxide of Silver . . 
Oxide of Sodiam 

9. 

Baryta 

Strontia 

Lime (in arragqnite) 
Oxide of Lead ^ 



10. 
Lime (in Iceland spar) 

Magnesia 

Protoxide of Iron . . 

" Manganese 

Zinc . . 

•• Cobalt . 

Nickel . 

** Copper . 

Lead (in 

phunbo calcite) . . 



AgO 
NaO 

BaO 
SrO 
CaO 
Pb.O 

Cab 
MgO 
FeO 

MnO 
ZtxO 
CoO 
Ni O 
CuO 

Pb.O 



From the external forms of bodies we may next turn 
to their internal constitution, calling to mind what has 
been already observed in Lecture XXXIV., that identity 
of composition by no means implies identity of character. 
Two substances may be composed of the same elements, 
united in the same proportions, and yet be totally unlike ; 
and it is obvious uiat this may be^ue to two different 
causes : 1st. Difference of grouping ; 2d. Difference in 
the absolute number of atoms. 

Difference of grouping I have already explained in the 
lecture just quoted ; and with respect to dinerence in the 
absolute number of atoms, the effect is obvious from an 
example. Thus, we have as the constitution of 



Aldehyde 
Acetic ether 



C^H^O^. 
CiH^O^, 



And these bodies, if analyzed, would, of course, yield pre- 
cisely the same proportions in 100 parts, the true differ- 
ence being ; that the atom of acetic ether contains twice 
as many constituent atoms as that of aldehyde, and is, 
therefore, exactly twice as heavy, though equal weights 
of the two will yield equal quantities of their- constituents. 
To these peculiarities the term isomerism is applied, 
and by isomeric bodies we mean bodies composed of the 
same elements in the same proportion, but differing in 
properties. When isomerism arises from difference in 
grouping, the bodies are said to be metaraeric ; and when 

What two causes may give to bodies of the same composition different 
characters ? Give ah example of the effect of difference of Hie absohite 
amuber of atoms. What is meant by isomerism? 
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it arises from difference in the absolute number of atoms, 
they are called polymeric. 

Attention has recently been drawn to a third cause, 
which gives rise to the |)henomena of isomerism : it is the 
allotropic condition of elementary bodies. Carbon, for 
example, exists under a number of different forms; we 
find it as charcoal, plumbago, and diamond. They differ 
in specific gravity, in specific heat, and in their conduct- 
tng power as respects caloric and electricity. In their 
relations to light, the one perfectly absorbs it, tbe second 
reflects it like a metal, the third transmits it like glasa. 
In their relation to oxygen they also differ surprisingly ; 
there are varieties of charcoal that spontaneously take 
fire in the air, but the^ diamond can only be burned in 
pure oxygen gad. The second and third varieties do not 
belong to the same crystalline! form. 

It is now known that a great many elementary substan- 
ces are affected in this manner. I have shown that this 
is the case with chlorine gas, which changes under the in- 
fluence of the indigo rays {Phil. Mag., July, 1844). In 
the same manner, it has been long known that iron exists 
in two states : 1st. In its ordinary oxydizable state ; 2d. 
In a condition in which it simulates the properties of pla« 
tinum or gold. 

There can be no doubt that these peculiarities are car- 
ried by these bodies when they unite to form compounds ; 
(bus, for example, if carbon and hydrogen unite, it is pos- 
sible we may have three different compounds ; one con- 
taining charcoal carbon, a second plumbago carbon, a third 
diamond carbon ; or, if we designate these respectively as 
Ca, Cp, Cy, we may have 

CaH,,.CIBH...OYH; 
and perhaps, as M. Millon has suggested, carbureted hy- 
drogen gas and otto of roses, which have the same con- 
stitution, differ, in the one containing charcoal and the oth- 
er diamond. 

These peculiarities are known under the name of allo- 
tropic states, and the phenomenon itself under the desig- 
nation of allotropism. 

What are metameric bodies ? What are polymeric bodiM? What i» 
meabt by the allotropic condition of bodiea? What allotiopio states does 
carbon present ? How nifty an allotropic change be impressed on chlorine ? 
What are the allotmpic staterf of iron t Are these peculiarities c^ondnaed 
in the compounds I 
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LECTURE XXXVII. 

CflEBacAL Affinity. — Phenomena accompanying Ckemu 
cal Affinity, — Disturbance of Temperature. — Production 
of Light. — Evolution of Electricity. -^-^ Change of Color. 
— Change of Form. — Change of Chemical Properties. — 
Change of Volume and Density. — Tables ofGeoffroy. — 
Measure of Affiniity* — Disturbing Causes. 

By cbemical affinity we mean the attraction of atoms 
of a dissimilar nature for each other, an attraction which 
is exhibited upon the apparent contact of bodies. 

There are certain striking phenomena which very fre- 
quently accompany chemical action. They are the evo 
lution of Light, Heat, and Electricity ; and, as respects 
the bodies engaged, they may exhibit changes of color, of 
form, of Yolume, of density, or of their chemical proper- 
ties. 

If, in a glass vessel, a (Fig. 143), a mixture of 
strong sulphuric acid and water be stirred togeth- 
er by means of a tube, b, containing some sul- 
phuric ether, so much heat will be evolved by 
the acid and water as they unite, that the ether 
will be made to boil rapidly. 
If, upon some water contained in a shallow dish {Fig. 
Fig. 144. 144), a piece of potassium be thrown, the 
potassium decomposes die water with the 
evolution of a beautiful lilac flame. 

As respects the evolution of electricity 
during chemical action, the Voltaic battery, 
and, indeed, all Voltaic combinations, are ex- 
amples. In the simple circle we have already, in Lec- 
ture XXVIII., traced the production of electricity to the 
decomposition of the water. 

We have observed that the evolution of the imponder- 
able agents is not the only phenomenon to be remarked 
during the play of chemical affinity, the ponderable sub- 
stances themselves undergo changes. 

ch^kTi lif^^'^* Tx?i ^**«"iicRl affinity 1 What phenomena i^ccompany 

^T^lw^?^' ^*'*' changes are exhibited by the ponderable bodl^ 

*»» f "«ve examples of the evolution of heat, Ught, and electricity. 
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If, in a glass containing litmus water, a drop of sul- 
phuric acid is poured, the blue color of the litmus is at 
once changed to a red, and if into the reddened liquid so 
produced a little ammonia is poured, the blue color is 
restored. This simple experiment is of considerable in- 
terest, for the reddening of litmus is commonly received 
as one of the attributes of acid bodies, and the restoration 
of the blue color of those belonging to tne alkaline type. 

On adding to a solution of sulphate of copper a small 
quantity of ammonia, a pale green precipitate is thrown 
down ; a greater quantity of ammonia redissolves this pre- 
cipitate, and gives rise to a splendid purple solution. 

A similar soluticm of sulphate of copper g^ves rise, un- 
der the action of a solution of ferrocyanide of potassium, 
to a deep chocolate-colored precipitate. 

A solution of the nitrate of lead, which is colorless, acl- 
ed on by a solution of iodide of potassium, also colorless, 
gives rise to the production of a beautiful yellow precipi- 
tate, the iodide of lead. 

And, lastly, if sulphuric acid be placed in a solution of 
a soluble salt of lead, or of baryta, a white precipitate at 
once goes down. 

Those are all instances of changes of color, and such 
changes are of the utmost importance in practical chem- 
istry, inasmuch as the art of testing depends, for the most 
party upon a knowledge of them. 

Changes of form in the same manner are exhibited ; 
thus, when gunpowder explodes, a large proportion of the 
ingredients, from being in the solid, escapes in the gaseous 
state. If, upon fragments of chalk, carbonate of lime, we 
pour hydrochloric acid, a violent effervescence takes place, 
due to the escape of carbonic acid, which, from being in 
the solid, assumes the gaseous form. 

The converse . of this is sometimes seen, va- ^-J^^* 
porspaBsing into the solid state. In the glass, 
a {Fig* 145), place some strong hydrochloric 
acid, and in b some strong ammonia ; both these 
bodies yield vapors at ordinary temperatures in a| 
abundance, and those vapors meeting in the air 
over the glasses, give nse to a dense fume, or smoke, 
which, if examined, proves to be solid sal ammoniac. 

Give examples of changes of color. On what do the processes of 
testinff for the most part depend ? Give an example of the prodoction di 
a gu from a isolidr and a soud from gases. 




IM 
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Fig, 140. Very often change of form is 4iccoinpanied 
by change of coIcht ; thus, if under a large bell 
jar {Fig. 146) there be placed a wine-glass 
containing a few copper or iron nails and nitric 
acid* a gas of a deep orange color makes its 
appearance, filling the whole belL 

Perhaps no better instance of an entire 
change of properties could be cited than that of the com- 
bustion of phosphorus in atmospheric air. This substance 
f^, 147. phosphorus is a body of a waxy appear- 
ance, possessing so great a degree of com- 
bustibility that it reqiures to be kept un- 
der the surface of water to prevent the ac- 
tion of the air. If a piece of it be set on 
fire beneath a dear and dry bell jar, as 
shown in Fig, 147, it unites with g^reat 
energy with the oxygen of the included 
^^ air, producing white flakes, which, as the 
combustion is ceasing, descend in the Jar, givin? a min- 
iature representation of a fall of snow. On collecting some 
of this phosphoric snow, its properties will be found to be 
in striking contrast with the phosphorus which produced 
it ; for instance, far from being unacted on by water, it 
has such an intense afiinity for that substance, that it 
hisses like a red-hot iron when brought in contact with 
it. It reddens litmus solution, and possesses the quali 
ties of a powerful acid. Nor is the change confined to 
the phosphorus ; if we examine the air in which it was 
burned, we find it has lost its quality of supjporting com- 
bustion. 

Changes of volume, and, consequently, changes of dens- 
ity, constantly attend chemical action ; a pint of water and 
a pint of sulphuric acid, mixed together, form less than 
two pints ; and the same may be observed of alcohol and 
water. 

When to two substances already in union, a third, hav- 
ing a stronger afiinity for one of the other two, is present- 
ed, decomposition ensues. Thus, if to the carbonate ci 
soda nitric acid be presented, the soda and nitric acid com- 
hino, and the carbonic acid is driven off in the form of a 



What are the changei which phosphcNiis undergoes when bnn&ed in 
ihe air? Give an example of chaiige of voknne and of denaity Under 
what circumstancai does daoompoBition take place 1 
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gas. And, again, if upon the nitrate of soda ao produced 
suJpliuric acid ia poured, the nitric acid is driven off, and 
sulpb^ of soda results. It was at one time thought that, 
by ffcamining a number of such cases, we might discover 
the Of der of affinity of bodies for one another and arrange 
them in tables ; these are sometimes called the Tables of 
Geoffrey. Thus, the table 

Soda. 



Salpharic acid, 
Nitrio 

Muriatic " 
Acetic •* 
Carbonic ** 



presents us with the order in which a number of acids 
stand in relation to soda, the most powerful being the first 
on the list, and the salt which results from the union of 
any one of those acids with the soda can be decomposed 
by the use of any other acid standing higher on the list. 

But it is now known that these tables are far from rep- 
resenting the order of affinities; a weaker affinity often 
overcomes a stronger by reason of the intervention of 
disturbing extraneous causes ; and tables so constructed 
lead, therefore, to contradictory conclusions. Some very 
simple considerations may illustrate this. Potassium can 
take oxygen from carbon at low temperatures, or, in other 
words, decompose carbonic acid gas, but it by no means 
follows that the affinity of potassium for oxygen is great- 
er than that of carbon, and accordingly we find that at 
higher temperatures carbon can take oxygen from.potas- 
sium. Indeed, under the influence of heat, light, and 
electricity, we find all kinds of chemical changes going 
on, and in the same manner the condition of form exerts 
a remarkable influence in these respects, so that cohesion 
and elasticity may be placed an^ng the predisposing caus- 
es producing chemical results. If a number of bodies 
exist in a solution together, they will at once arrange 
themselves in such a way under the influence of cohesion 
as to produce insoluble pfecipitates, if that be possible ; 
or, under the influence of elasticity, to determine the evo- 



What are the tablcR of Geofl&oy ? How may it be shown that theia 
•re not tebles of affinity 7 What may be enamerated among these dia- 
tmlnnff causes ? What is the inflnence of cohesion t What is the infln. 
•aB«« elasticity ? Gira examples of the action of ther« disturbing agents 
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hitioQ of a gas ; if the carbonate of soda is decomposed 
by acetic acid, it by no means follows that the latter has 
the stronger affinity for soda, the decomposition being 
probably determined by the fact that the carbonic add 
can take on the elastic form and escape away as a gas. 
The sulphate of soda may be decomposed by baryta, the 
cause of the decomoosition being probably dae to cohe- 
sion, for the sulphate ot baryta which results is a very in- 
soluble body. We haye, therefore, no true measure of 
affinity, for the relation of bodies in this respect changes 
with external conditions, and the tables of Geoffiroy are 
only tables of the order of decompositions, but not of the 
order of affinity. 

Whw do the tabloi of Qeoffroy, iu resUty, emproM f 



PART III. 

INOHGANIC CHEMISTRT. 



LECTURE XXXVIII. 



Pneumatic CHEyasTRY.-^Ancient Opinions on the Con- 

stitution of the Gases, — Doctrine of the Unity of Air. 
QzYGEN Gas. — Modes of Preparation, — Properties. — Ori- 

gin of its Name. — Relations to Atmospheric Air and 

Combustion, — Burning of Metals. 

In the catalogue of the elementary bodies of the an- 
cients four substances were included, earth, air, fire, and 
^vater. The progress of knowledge has shown that three 
out of the four are compound bodies. 

For a length of time it was supposed that the various 
. exhalations and vapors were nothing more than vitiated 
forms of atmospheric air; and though from time to time 
first one and then another of the gaseous bodies was dis- 
covered, chemists were slow to admit that they were any 
thing more than modifications of one common principle. 
Thus, Roger Bacon, in the thirteenth century, discovered 
one of the, carburets of hydrogen, and Van Helmont, in 
the suLteenth, carbonic acid. I'he invisibility of^ these 
bodies, their remarkable chemical relations in ex^nguish- 
ing fiame and producing death, the great mechanical force 
to which they often gave rise when generated in pent-up 
vessels, their occurrence in mines, the bottom of wells, in 
church-yards, and lonely places, suggested to a supersti- 
tious mind a supernatural origin, and Van Helmont gave 
them the name of gas, corrupted from gahst (or geist), 
which signifies a ghost or li^irit. 

But it is to the researches on the properties of fixed air, 
which Black made about 1750, that ipneumatic chemistry 
owes its origin. These were soon followed by the dis- 
coveries of Priestley, Scheele, and others. That of oxygen 

What opinions were formerly held respecting the diflfereht gases T 
What was the original signification of the term gas ? By whom was the 
ioctrine of ^e plarali% of airs estahlish«d7 

P . 
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Wf by the former of these philosophers, in 1784, forever 
dStroyed the ancient notion of vitiated airs ; for this gas 
can support combostion and respiration far better than the 
atmosphere. It may be said with justice that modem 
chemistry dates its ongin from the discovery of oxygen gas. 

QXYQSN. 0^8013. 

Oxygen gas is probably the most abundant of the ele- 
ments. It constitutes about one third of the weigbt of the 
solid mass of the earth, eight ninths of that of the waters 
of the sea, and one fifth the volume of the air» 

A simple mode of preparing oxygen is to place in a re 




tort, a. Fig, 148, some red oxide of mercury, connecting 
vnth the retort a receiver, b, from which there passes a 
bent tube, c, which dips beneath the water of a pneumatic 
trough, g. On raising the temperature of the oxide by 
the flame of a spirit lamp, it is resolved into metallic mer 
cuiy and oxygen ^s ; the former distills into the receiver i 
and the latter collects in the inverted jar of the trough. 

Another process is to place the peroxide of manganese 
{Mn, Oj) in an iron bottle, from which a tube, h, Fig, 149, 
projects; this tube may be connected with another,^ by 
means of a cork and an India-rubber tube, e. The bot- 
tle is to be arranged in a small furnace, and made red hot; 
the manganese loses one third of its oxygen, which may 
be collected in a gas-holder, a0 shown in the figure. 

The most convenient mode of preparing it is to place in 
a flask, a, FHg, 150, a mixture of chlorate of potash and 
peroxide of manganese ; to the mouth of the flask jbl tube, 
o, is adapted by means of a tight cork, the lower end of the 

In wbat bodies does oxyg«n occur 7 DeBcribe its prepanttion fixnn red 
^^Mm of BMrooiy, fimn p«roxid« of sians:ane««» and from chlorate of potnh. 
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Fig. liA. 




tube dipping beneath a JM" upon 
the pneumatic trough, c. On rais- 
ing the temperature of the flask by 
a spirit lamp, oxygen gas is freely 
evolved. The peroxide of manga- 
nese takes no part in the chEmge, 
out it causes the decomposition to zL. 
go on at a low temperatiu-e, and the gas is more rs^idly 
set free. The change, being confined to the chlorate of 
potash, is therefore expressed as follows : 

KO+Cl Oi... = ...Ka+ Oe; 

that is, the chlorate of potash, at the temperature in ques- 
tion, has its atoms disarranged, resolving itself into one 
atom of chloride of potassium and six atoms of oxygen gas. 

It may also be prepared by exposing a mixture of bi 
chromate of potash BJ)d sulphuric acid, or peroxide of 
manganese and sulphuric acid, to heat. 

Oxygen gas is a colorless body, having no odor noi 
taste. It IS a non-conductor of electricity, and a bad re 
fractor of light. It is a powerfully electro-negative ele- 
ment, in specific gravity it is heavier than atmospheric 
air; for the air being 1*000, oxygen is 1-1026, or, accord- 
ing to some chemists, 1*1111. One hundred cubic inches 
weigh about 34 grains. Its atomic weight Is 8*013, by* 

What are its leading physical properties 7 What is its specific gravity f 
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drogen being taken as 1-000. It has never been con- 
densed into the liquid state. 

To a certain extent it is soluble in water, one hundred 
volumes of that liquid dissolving about four of ihfi gas, a 
fact of considerable importance in physiology, as it is upon 
the oxygen so found in water that aquatic animals depend 
for their respiratory process. 

On litmus water, or any blu6 vegetable solution, oxy- 
Fig. iti. gen ei^erts no action, as is easily shown by agita- 

iting it with such a solution in Hope's eudiometer 
{Fig- 151) ; but though it is not acid itself, when 
it unites with a great variety of bodies it gives 
rise to powerful acids, and from this circumstance 
its name was derived. Oxygen, o^g, acid, and 
yeweiv, to generate. 
The most important qualities of atmospheric air 
are due to the presence of oxygen gas. It is for this reas- 
on that the air supports combustion and respiration. The 
powers of oxygen, in this respect, may be illustrated by 
many striking experiments ; thus, if into a jar filled with 
Fig. 152. it, a stick of wood, with a spark of fire on its ex- 
tremity, be immersed, it bursts out at once into a 
flame, burning brilliantly. 

On immersing a lighted taper in a jar of oxygen 
{Fig, 152), the light becomes of a dazzling white- 
ness, the taper wasting rapidly away ; but it is to 
be observed that after a time the combustion de- 
clines, and finally the light is extinguished. 
If a piece of charcoal of bark in an ignited state be 
^]jj:_!^ placed in a bottle of oxygen, the combustion 
goes on with great activity, a multitude of 
sparks being tibrown off. When the char- 
coal is extinguished, if a little lime-water be 
poured into the bottle and agitated in it, the 
lime-water at once becomes of a milky white- 
ness ; for the carbon, during the combustion, uniting with 
the oxygen, produces carbonic acid gas, and this forms 
with Kme a white insoluble precipitate, the carbonate of 
Hme. 

Can it be liqaefied 7 Is it sohble in water 7 From what ciicnmBtaxice 
ii its name dedved 1 What are its relations in the ordinary processes of 
oombostion ? Describe its effect on a lighted taper, and on ignited char- 
eoal. 
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A piece of India-rubber set on fire, and immerBed in 
oxygen g^^ bums with the emission of a daz- Fig. iM. 
zling light. And if, upon a small stand, some 
burning sulphur is placed, and a jar of oxygen 
inverted over it, as shown in Fig, 154, the 
light which is emitted is of a splendid blue 
color, and the smoke ascending up the middle 
of the jar, and falling in curious rings down 
its sides, affords an illustration of the manner 
in which currents are excited in gases. 

But it is not alone siich substances as wood, char- 
coal, or sulphur which will bum in oxygen eas ; Fig. 155. 
niany bodies commonly regarded as incombustible ^ 
give rise to the same result. If a piece of steel 
wire be rolled round into a spiral, and the ex- 
tremity of it be dipped in melted sulphur, or 
wr?ipped round with cotton, so as to afford the 
means of introducing it in an ignited condition 
Fig. 156. into oxygen gas, the 

combustion is at once commu- 
nicated to the steel, which 
bums in a very brilliant man- 
ner, emitting scintillations. 

^ ^^ A stream of oxygen from a 

'*""2^l" gas-holder, being thrown upon 

^K an iron nail made red hot in 

jT the flame of a spirit lamp, 6r 

M placed in ain ignited cavity in 

I a piece of charcoal, causes the 

yg JbL iron to bum with rapidity, 

™™^^ emitting a shower of sparks. 

What is its effect on ignited snlplmr ? What i« its effect on an ignited 
netal, as iron or steel 7 

V2 
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LECTURE XXXIX. 

ChcYo*N CONTINUED. — DrummoHd's LdghL — Camhustum of 
Phosphorus. — Double Change arising in Combustion.- — 
The Lavoisierian Doctrine. — Basie^ Indifferent, and 
Acid Oxides, — Physiological Rdations of Oxygen. — 
Supporters of Combustion, — Nature of Flame. — Con- 
stancy of Heat evolved. — Vegetable Origin of Oxygen 
in the Air. 

If a piece of lime the gize of a peppercorn be placed 
in the ifame of a spirit lamp, through which oxygen gas 
IB directed by a blowpipe, the lime phosphoresces pow 
erfuUy, emitting a light so bright that the eye can scarcely 
bear it. This is the original form of what is called Drum- 
mond's light The light, however, is still brighter when 
the oxyhydrogen blowpipe is employed, 

p. J57 The combustion of phosphorus in oxy- 

sen gas constitutes one of the most brill- 
iant experiments. A piece of lighted phos- 
phorus immersed in an atmosphere of this 
gas, bums with the evolution of a prodig* 
ious amount of light and heat, Fig. 157. 
Notwithstanding the production of dense 
flakes of phosphoric acid intervening be- 
tween the eye and the burning mass, the 
Hght is very brilliant 

When any combustible substance is burned in oxygen 
gas, two strikinjg phenomena are exhibited : a change in 
the combustible, and a cbmge in the oxygen. A fragment 
of ignited charcoal rapidly wastes away, and the surround* 
ing gas loses its power of supporting combustion. Until 
the time of Lavoisier, it was generally supposed that burn- 
ing was due to the escape of a certain principle, called 
phlogiston, from bodies, but he showed that in ^1 these 
cases there is no loss of weight, and that, in reality, the 

What is the original form of the Brommond light 7 What are the phe- 
nomenn of the combostion of phodphoms in bxygen 7 In these comDos- 
^^ viiiit changes take place in the oxygen ana in the boming body T 
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omnbusdon is due to the oxygen uniting with the burning 
body ; and if care be taken to ooUect all the products of 
the actidn, their united weight will be exactly that of the 
oxygen and combustible conjointly. LaToisier was di^ 
pos^ to believe, that in all cases of true burning the pros* 
ence of oxygen is indispensable, an idea now known to 
be erroneous ; for light and heat are evolved in all cases 
where chemical action is going on with great int^usity, 
no matter what may be the substances which haj^n to 
be present. 

In the Lavoisierian system of chemistry, oxygen was 
regarded as being the essential supporter of combustion ; 
and as, in many instances, it g^ves rise to the production 
of acids, it was also regarded as the essential jmnciple of 
acidity ; and from this circumstance its name was derived, 
as has been already said. But so £vr fixxn every acid 
containing oxygen gas, it is now well known that there 
are many from whidb this principle is wholly absent. If 
any substance in particular deserves tiie name of" the 
acid former/' it is hydrogen, for it is doubtful whether 
any powerful acid exists which does not contain hydro* 
gen. Basi<; substances, on the contrary, c^ characterized 
by containing oxygen. 

To the compounds which arise from the union of oxy- 
gen with other tx>dies the generic desigpiation of oxides 
IS given ; and of them we have three classes. Ist. Basic 
oxides. 2d. Indifferent oxides. 3d. Acids. If M repre- 
sents an electro-positive body, the basic oxides are con- 
stituted as follows : 

MO Protoxide, luaiLay the noftt powerfol baie. 

M^O» , , . Sesqaioxide, a weaker base. 

MOf . . Dentoxide, a still weaker base. 

MiO . . . Suboxide, « « 

The oxides of manganese fuxnish a good example ot 
the three classes : 



Fiwtoxide of manganey 
Sesqtiioxide 
Deutoxide . - . 
Manganic add • ^ • 
Hypermanganic acid . 



^ MhO^ Indiifereot oidd*. 
* MnO. ^ 



Mu'dM"^^ 



What was Lavoisier's theory of combastion T What is fte relation of 
oxygen to acid and basic bodies 7 What is the generic desi^tuH for its 
oompoonds ? What are the three classes of cdbpoonds which it yields f 
In the basic, the indifferent, and the acid group, what is the general rd^. 
tbn of the oxygen 7 
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From which it may be iuferred that, in a family of oit* 
ides of an electro-positive body, the most powerful base is 
that containing one atom of oxygen, and Uiat, as the quan- 
tity of this element increases, indifferent bodies may be 
formed ; that is to say, ^ose in which neither the basic 
nor acid qualities are well marked, and on a still farther 
increase acids are produced. In this respect, therefore, 
the ori^nal idea of Liavoisier respecting the character of 
oxygen is to some extent substantiated. 

In its physiological relations oxygen is a most interest- 
ing body. It is fi)r the purpose of introductpg this ele- 
ment to the interior of the system that the respiratory 
mechanism of animals is devoted — a mechanism which 
differs according to their mode of life, the gills of a fish 
and the lungs of a man having the same ulterior object 
If two jars are taken, one fiiU of atmospheric air, and one 
of oxygen gas, and small animals placed beneath each, it 
will be found that in the latter those animals survive 
much longer than in the former. The gas introduced 
into the system arterializes the blood, and, eventually unit- 
ing with carbon and hydrogen, keeps up the temperature 
to a standard point, which, in the human mechanism, is 
about 98^ F. Oxygen gas, therefore, is emphatically the 
supporter of respiration. 

The terms, supporter of combustion and combustible 
body, formerly much used by chemical writers, are ex* 
pressive of an erroneous idea. No substance is in itself 
a supporter of combustion, nor is any one intrinsically a 
comoustible body. If a jet of hydrogen bums in an at- 
mosphere of oxygen, so, also, will a jet of oxygen bum in 
an atmosphere of hydrogen gas. In fact, both bodies are 
equally engaged in producing the result, combustion only 
taking place upon dieir mutual surface of contact Thp 
division in question has arisen from the circumstance thai* 
the most familiar instances of combustion we vdtnest 
take place in the atmosphere, which owes all its activf^ 
qualities to the presence of oxygen. 

Combustion takes place bnly at those points where tht 
uniting substances are in contact. The flame of a can- 

For what purpose is ox^e^n mtroduced into tibe system ? Why is it t- 
be regarded as the supporter of respiration ? Is the (^vision of bodies idA 
combostibles and supporters of c<Mubastion a correct one ? What is tlv 
nature of flame ? 
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die is not incandescent throughout, but is a Fig. ibB. 
mere supei'ficies or luminous shell, with a dark 
interior. ' In suph a ilame several distinct parts 
may be traced. Around the wick, a. Fig. 158« 
at the points i i, the light is of a blue color; for 
here the air being in excess, the combustion is 
perfect. From this toward c the combustible 
matter predominates, and the light is most in- 
tense. A faint exterior cone, e e, surrounds the 
more luminous portion, but the interior at & is 
totally dark, as may be proved by placing a 
piece of mica or glass upon the flame, it is prob- 
able that the light arises chiefly from the ignition of solid 
matter, for incandescent gases are only faintly luminous. 
The hydilogen of the flame is first burned, uid for a mo- 
ment carbpn is set free in the solid form at a very high 
temperature, its oxydation instantly ensuing. 

A given weight of a combustible body, when burned, will 
always furnish a constant amount of heat. If an ounce of 
carbon be burned in a few moments in pure oxygen gas, 
the amount of heat disengaged appears to be very great ; 
though, in reality, it is the same that would finally be yield- 
ed by a slower combustion in atmospheric air. So, too, me- 
tallic iron becomes white hot when burned in oxygen, be- 
cause the combination goes forward with great rapidity ; 
but precisely the same amount would be yielded in the slow 
oxydation of rusting, though in the latter instance it might 
take years for the completion of the process. This is a 
fact of great physiological importance. 

We have just said that atmospheric air owes all its ac- 
tivity to the presence of oxygen, and as there are inces- 
santly combustivo processes going on, the tendency of 
which is to remove oxygen from the air and generally re- 
place it with carbonic acid — a result, also, which ensues 
from respiration, in every part of the earth where anixnals 
are found — ^it would appear a necessary consequence that 
the constitution of the air should incessantly change, the 
amount of oxygen declining and that of carbonic acid in 
creasing. But in this respect the vegetable world exerts 

Why do the different regioxui of a lamp flame differ in lominoas power T 
!■ there any difference in me amonnt of neat evolved in rapid and m slow 
oombastiona 7 What are the causes which tend to diminish the amoant 
of oxy/eu iu the air? 
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an opposite tendency to the animal; for, under the influ 
ence of the light of the sun, plants decompose carbcmic 
acid gaa, setting free its oxygen, and appropriating the 
carhon to their own uses. This beautiful fact was origin- 
ally discoveiod by Priestley, who found, that if 8<»iie green 
Fif. iM. leaves were placed in a bottle, as in F^. 159» con- 

ftainiiig carbonic acid gas, or, what is more conven- 
ient, water holding that substance in solution, so 
long as the sun does not shine on them no action is 
perceived ; but if th^ bottle be set in the stm, bub- 
bles of gas are rapidly disengaged froDi the leaves, 
and, rising up through the water, collect in the upper 
part of the bottle, and, if examined, prove to be very rich 
m oxygen. 

A question has arisen as to what principle thie remark- 
able decomposition is due. I have proved, by causing it 
to take place in the prismatic spectrum, that it is due to 
the yeUow ray of light— (PAt/. Mag., Sept., 1843.) 



LECTURE XL. 

Htdrooen. — Preparation and Properties of Hydrogen.^-^ 
Relations to Respiration. — Combustibility^-^Jts Light- 
ness. — Explosive Combustion. — Prodtiction qfWater.-^ 
Oxyhydrogen Blow-pipe. 

HYDROGEN. H=J. 
If a piece of potassium be wrapped in paper and rap- 
idly immersed beneath an inveited jar at the water-trougn, 
violent reaction soon sets in, a gas collects in the upper 
part of the jar, and the potassium, oxydizing, dissolves in 
the water. The gas so produced is hydrogen, and the 
decomposition is very simple, as shown in the following 
symbols : 

jro + £:... = . ..iro + JT/ 

that is, water acted upon by metallic potassium yields ox- 
ide of potassium and hydrogen gas. 

In practice more economical processes are resorted ta 
Like potassium, metallic zinc can decompose water at or- 
dinary temperatures, but there is this 'difference between 

By what agency is this tendency oom^ensated ? What is tiie principla 
»if the decomposition of water by potasstam ? 
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ihem, that while the oxide of potassium is very soluble in 
water, the oxide of zinc is nearly insoluble. A plate of 
poHshed zinc immersed in water does not, therefore, give 
lise to a stream of gas, for the moment the incipient ac- 
tion has set in it ceases, the zinc becoming covered widi 
an impervious pellicle of oxide, which cuts off farther 
contact with the water. 

If, however, we add any acid substance which can form 
with the oxide a salt soluble in water, the action will go 
on continuously, because the zinc can now expose a clear 
metallic contact. Such a substance is sulpbunc acid. To 
make hydrogen, therefore, we take a bottle. Fig. MS. 
0, Fig, 160, and having placed in it some 
strips of zinc, add sufficient water to cover 
them entirely, and then adjust to the mouth 
of the bottle a cork, through which two tubes, 
h and c, pass. Through b sulphuric acid is 
poured in such a quantity as to excite a brisk 
but not too violent effervestSence, and the gas, 
as it generates, passes out (hrough c. It is absolutely nec- 
essary to allow a quanti^ of the- gas to escape before at- 
tempting to collect it, because the first portions form, with 
the air in the upper port of the bottle, an explosive mix- 
ture ; but as soon as it is judged that the air is all expellecl, 
we may proceed to collect the gas ; and. whenever the pro- 
duction slackens, if more acid be added through the foa- 
nel tube, b, the supply may be. kept up. 

.Hydrogen gas is a transparent and colorless body, 
which exerts a powerful refiracting action on light. When 
pure, it has neither taste nor smell, but, as thus obtained. 
It has a peculiar odor. It is the lightest body in nature, its 
specific gravity being 0*0694; One hundred cubic inches 
of it weigh 2*1 grains. The weight of its atom is taken 
as the standard of comparison of other atomic weights in 
this book; it is therefore =1. It exerts no action on 
vegetable colors, and is very sparingly soluble in water, 
one hundred cubic inches of tbat liquid dissolving about 
one and a half of hydrogen gas. Hydrogen has never 
been liquefied. 
As respects the animal economy, hydrogen gas does 

What ii the reason that sine can not decompoae water aknef Bow 
may hydrogen gas he made hy the aid of sine f What are the piopertiM 
of this gasT 
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not exert any directly deleterious effect ; and although it 
can not, of course, carry on the functions of respiration, 
which are acts of oxydation, yet it i^an, for a short space, 
be introduced into the lungs with impunity. If a person 
whose lungs are hiflated with it attempts to ^ speak, his 
voice resembles the feeble and shrill voice of a child. 
This arises firom the small density of hydrogen ; a bell 
rung in this gas emits almpst as feeble a sound as if rung 
in a vacuum. 

One of the most striking peculiarities of hydrogen is its 
great inflammability in contact with ox- p^. loi. 

ygen. If a jar, Fig. 161, with a stop- 
cock at its upper extremity, be fiUed 
with hydrogen^ and then, being depress- 
ed in the water of the trough, the cock 
opened and a light brought near the 
jv-m hydrogen as it escapes, it takes 
fire at once, burning with a pale 
yellow flame. Or ifto the mouth 
of a bottle containing the mate- 
rials for generating hydrogen, a, Fig. 162, a cork, 
through which a glass tube, 6, is passed, be adjust- 
ed, and afl:er allowing the air in the bottle to be dis- 
placed, a tight be applied to the issuing gas, it tak-es 
fire and burns in the same manner; an experiment com- 
monly described as the philosophicsd candle. 

The following experiment proves three facts at the 
FigAea, same time: 1. The great lightness of hydro- 
gen ; 2. Its inflammability ; 3. That it is not a 
supporter of combustion. A jar, a. Fig. 163, k 
.to DO filled with hydrogen at the water-trough, 
and then, being lifted in the air with its mottth 
downward, a taper, placed on a bent wire, is car- 
ried into its interior. As the taper passes the 
mouth of the jar there is a feeble explosion, and the hy- 
drogen taking fire, bums with a pale flame ; but as soon 
as it is immersed in the atmosphere of the gas the taper 
is extinguished. It may, however, be relighted as it is 
brought out of the jar at the burning hydrogen, and this 
may be repeated several times in succession. The com- 

What are its relationB to respiration ? How may its combustibility be 
dentkoiuitrated? How may its inflammability, its non-sappordng power 
*xid its lightness be simaltaneoasly illastrated ? 
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bustibility oi the gas and its quality of not suppoitinff 
combustion are obvious enough, and its lightness is proved 
by the fact that it does not flow out of the open mouth of 
the jar, which it would do at once if it were heavier than 
atmospheric air. 

The application of hydrogen to aerostatic purposes is 
founded npon its small specific gravity. This property is 
▼ery distinctly illustrated by filling an India rubber ga»* 
bag with hydrogen, and having attached to the stop-cock^a, 
.F%. 164, which closes it, a common earth- i^. u^ 
en-ware tobacco-pipe, ^, by dipping the ^^ ^^^ 

pipe in a solution of soap, bubbles may (^ M^yJ 
be blown. These rise Uirough the air ^-. tf^^^ 
with rapidity; and if a lighted taper is O^^f" 
brought n^ar them as they are ascending, d^J^ 
the hydrogen takes fire and bums with a %^ 
yellowish flame. 

If, in a strong brass vessel , a, "Fig. 165, we place a mixtui e 
of bydrogen and atmospheric air in equal Vig, i66. 
volumes, and, having inserted the cork, c, J^ 
tightly, pass, by the aid of the ball and 
wire, hj an electric spark through the gas, » 

X violent explosion takes place, the hydrogen burning in- 
tftantaneously with the atmospheric oxygen, and giving 
rise to the production of water. 

Musical sounds originate in vibratory movements com* 
municated to the air. If the flame of a philosophical can- 
dle is covered by a wide glass tube, as, n>r example, f^.iss. 
the neck of a broken retort, an intensely powerful 
sound is emitted. This arisels fix)m the circum- 
stance that the hydrogen bums in the tube, giving 
rise to a series of small explosions, which follow 
each other with rapidity, and these explosions throw 
the air in the tube into a vibratory state. Accord- 
ing as the tube is raised or lowered, these explo- 
sions occur with difl*erent degrees of rapidity, some- 
times producing a clattering sound, and then a pure mu< 
sical note. 

Whatever may be the circumstances under which by- 



To what ptirpoae ia hydrogen applied in consequence of its tightness t 
How may this be illnstrated on a small scale 7 When mixed with oxygen 
NT air, and an electric spark passed throagh it^ what is the result ? Undef 
irhat ciroumstances wul the flame of hycbogen emit a musical sound T 

Q 
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droffen buniB, whether quiedyt as in th^ philoeophical 
candle, or with trivial exploakma, aa in this tube, or with 
a yiolent detonation, aa in the preceding experiment^ the 
uniform product of the combustion is water. During the 
combination of these elementary bodies with eadi other a 
very great amount ^of heat ia given out, for hydn^;«i 
eombiaes vrith eight times its own weight of oxygen, a 
greater proportion than is met with in the case of any 
aubstance whatever. Advantage is taken of this in the 
construction of the oxyhydrogen blow-pipe, an instrument 
invented by Dr. Hare, which furnishes us with the most 
efficient means of obtaining a high temperature. There 
Fig.jffi. are several different foims of this blow- 
pipe ; in some the gases are mixed in the 
proper proportions in a strong receiver, 
ana set on fire after passing through a 
Hemming's safety tube. But it is better 
to keep mem in separate reservoirs, and 
^ conduct them to a common jet, whete 
they may simultaneously mix and be 
burned, as is shown in Fig-. 167, where O is the oxygen 
reservoir, H the hydrogen, a b the flexible lead pipes, 
leading to a common jet, c, at whiich the gases are^set on 
fire. By this instrument substances perfectly infusible 
in a common furnace melt at once. The intensity of the 
heat of this blow-pipe depends, to a great extent, on the 
&ct that, unlike ordinary flames, the oxyhydrogen flame 
is, as it were, solid ; that is, incandescent throughout all 
its parts. 

In its general relations, hydrogen possesses so many of 
the properties of the metallic class, that there is every 
reason to believe it is, in reality, a metal. The &cts of 
its aerial form and transparency can scarcely be regard- 
ed as of any weight against this conclusion, for the vapor 
of mercury possesses a similar aspect. 

What U the uxufimn inrodnotum aC its combiutkmt Why is ao mojcfa 
heat evolved in the barmng of a muLtare of oxygen and hydrogen 7 De- 
ffcribe Hare's compound blow-pipe. What ia the pecoliarity Otliie flame T 
To what Glass of bodies does hydrogen probably bekng? 
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LECTURE XLI. 

• 

Watbr. — Hydrogen Adds. — Water.-^Its ProperHet.^- 
CompreMihUUy, — CatutUfOum cf Water. — Syntheses of 
Watet. — By Spongy Platmum. — 'Determmation of its 
(imposition hy Weight.-^Jnalysis of Waters — CAentft- 
ccU Relations of Waters — Water of CrystaUizatum and 
Saline Water, — Acts as a haste, ind^erent^ and acid 
Body, — Purification. — Deutoxide of Hydrogen. 

^ATEE. ^0 = 9-013. 

.Hydrogen unites with all the electro-negative Bubstan- 
ces, send, with many of the more prominent ones, forms 
Btrong acids. The hydrogen acids of chlorine, bromine, 
iodine, and fluorine are all constituted upon the same 
type, in which, if the electro-negative raaical be repre- 
sented by jR, we have 

HR. 
But with oxygen, instead of an acid, a neutral body re- 
sults. This body is common water. 

Water, as will be presently proved, results from die 
union of oxygen and hydrogen, one atom of each of these 
elements combining to form one atom of water. It is, 
therefore, a binary coiQpoimd. Its symbol is 
HO. 

By volume, it consists of two of hydrogen united with 
one of oxygen ; by weight, one part of hydrogen united 
with eight of oxygen. These statements correspond 
with the first, because the hydrogen atom is twice the 
volume of that of oxygen ; and the weight of an atom of 
oxygen is eight times that of hydrogen. 

Water is a colorless and tasteless body. It freezes at 
320 F., and boils at 212° F. Its specific gravity is 1-000, 
being the standard of comparison of all other liquid and 
«olid bodies. The specific gravity of its vapor, steam, 
compared with atmospheric air, is 0*6201. It is a com- 
pressible and elastic substance. One cubic inch of it at 
620 weighs 252*45 grains. 

When hydrogen, unites with electro-negative ■nbstances,, what clami of 
bodies arise t Whkt is the oonstitation of water 7 What are the proper- 
ties of water 7 
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reaches, 
air 



j^. 106. The compressibility of water is at once dem- 
onstrated and measured by an instroment in- 
vented by GSrsted, and represented in Fig. 168. 
It consists essentially of a strong glass cylinder, 
a a, filled with water, upon which a powerfal 
pressure can be exerted by means of a piston 
driven by a screw, b. In this cylinder of water 
a gage, represented on a larger scale by Fig. 
169, IS placed. The gage consists of a reservoir, 
e, prolonged into a fine tube, y*/ there is also a 
scale annexed. The reservoir and part jk-jqq, 
of the tube are filled with water, and a 
small column of quicksilver, x, indicates 
the point on the tube to which the water^ 
The pressure exerted is measured by an 
gage, ^. 

If, now, this instrument be placed in the strong 
glass cylinder, as seen in Fig. 168, and pressure 
exerted by turning the screw, the air in the gage, 
df contracts and indicates the amount of that press- 
ure ; at the same time, the small column of mercury, 
X, descends in the tube, showing that the water con- 
tracts, and measuring its amount. On turning the 
screw the other way, so as to relieve the apparatus 
of pressure, the air-gage comes back to its original 
pomt, and the mercury in the fine tube ascends again. 
It is obvious, therefore, that by this instrument we meas- 
ure the compressibility of the water contained in the res- 
ervoir, e, due allowance being made for the minute amount 
of contraction which the glass of which e is made, and 
Fig,i7o. which is pressed equally on its inside and outside, 
undergoes ; and also for variations of temperature. 
OErsted*s instrument shows that water is compress- 
®*^ TT-Vinr part of its volume for each atpaosphere 
of pressure. 

The constitution of water was first clearly proved 
by Mr. Cavendish. It can be illustrated in a vari- 
ety of ways* Thus, if over a jet of burning hydro- 
gren a cold glass bell be suspended, as in Fig. J70, 
*^ becomes soon covered with a misty dew, and, 

•*^e am,Si^ S?> '®^''' "^tromeiit for proving its comprereibility. What is 
ically illtui^t *?7*^™'P''®"^bi^ity ^ How may its composition be 8ynthe^ 
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if the experiment be prolonged, drops of liquid finally 
trickle down the sides, and may. be caught in a vessel 
placed to receive them. When examined, this liquid is 
found to be water. It has arisen from th^ union of the 
hydrogen with atmospheric oxygen. 

If in a vessel over the mercimal trough twenty meas- 
ures' of pure hydrogen are added to ten measures of pure 
oxygen, and a small pellet of spongy platinum passed up 
through the quicksilver, union between the two gases 
rapidly takes place, so that it is usual, in order to moder- 
ate its action, to mix the spongy platina previously with 
a little pipe clay. As the gases unite, the mercury rises^ 
until at last they have totally disappeared. This beauti- 
ful experiment shows that the constitution of water by 
volume is 2 hydrogen to 1 oxygen, as has already been 
said. 

The composition of water by weight was determined 
by Berzelius as follows: Let a flask, a, Fig. 171, con- 

Fig. 171. 

• V 




taining zinc and dilute sulphuric acid, be connected by a 
~ bent tube, &, with another tube, d, containing chloride of 
calcium ; the hydrogen which is consequently evolved 
from the flask deposits any small quantity of water it may 
be contaminated with in the bulbs e c, and then passing 
through the chloride of calcium tube, d^ is made perfectly 
dry. The tube d is connected with a tube of hard ^lass, 
on which a bulb, e, is blown. This bulb is filled with a 
known weight of oxide of copper, which can be raised tt 
a red heat by means of a spirit lamp, .A ; and as the dry 
hydrogen passes over the ignited oxide it reduces it, form* 

How may the constitation. of water be proved synthetically by Q>ODgy 
pladnam ? Describe the method of Berzeliad for determimng; the ccoupo- 
sitioD of watet bv weight. 

C12 
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ing with its oxygen water, and leaving pure metallic cop- 
per. The water thus produced is partially collected m 
the bulb^ and the rest of it is detained i>y a second chlo- 
ride of calcium tube, g. 

If, therefore, we weigh the tabe e before and after the 
experiment, in the latter instance its weight will be less 
than the former, the difference being due to ithe amount 
of oxygen which has been remored. I^ also, we weig^ 
the tul>esy and g before and after die experiment, in tke 
latter case they weigh more than in the former, the differ- 
ence being the weight of the water produced. Thus, it 
will be found that for every eight gndns that the oxide 
<^ copper has lost nine grains of water haye been pro- 
duced, showing that the constitution of water is by weight 
8 of oxygen to 1 of hydrogen. 

The composition of water may also be 
proved analytically as well as synmetically. 
it has been already stated that this can be 
done by the Voltaic battery in a very sat- 
isfactory manner. An apparatus suit^ for 
this purpose is shown in Fig. 172. The 
polar wires of the battery enter the sides 
of a globular glass vessel full of water, and 
over their terminations tubes are inverted 
in which to receive the gases. The hy- 
drogen is double the volume of the ox- 
ygen. 

Another form of the same apparatus 
is seen in Fig. 173. In a bent tube 
full of water, the platina wires, N P, 
are introduced by means of corks. On 
the current passing, oxygen is collected 
in one of the branches of the tube and 
hydrogen in the other. 

Lavoisier determined the cconposition 
of water by passing its vapor over pieces 
of iron made red hot in a tube. Thus, 
if from the retort, a, Fig. 174, containing boiling water, 
steam is passed through a red-hot iron tube, c c, filled 
with turnings of iron, or iron wire, decomposition takes 
place, black oxide of iron forming, and hydrogen gas 
escaping by the tube,y, into the gas-holder, m n. 

How may the analysiB of water be effected f Deicribe the principle of 
LAvoiari^r's analyiii pf water. 
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Tbe chemical relations of water are of the utmost im 
portance. It exerts a more general solvent action than 
any other liquid known, holding in solution gaseous and 
solid substances, acids, alkalies, and salts. As respects 
gaseous bodies, the quantity which water will take up is 
to a considerable extent dependent on pressure, and in 
the case, of salts, an increase of temperature very fre- 
quently increases its solvent powers. Salt-crystals some- 
times contain a very considerable quantity of it, as is shown 
in the case of common alum, of which, if a Fig, 175. 
mass be put upon a red-hot brick, Fig. 175, 
it melts in its own water of crystallization, and, 
after a great quantity of steam is thrown off, 
a dry residue remains. Crystals often con- 
tain water in two different states, one portion 
known under the name of water of crystallization,- which ' 
may generally be expelled by a moderate heat ; another 
portion known as salifle water, which is with much more 
difficulty driven off. In the works on chemistry, the for- 
mulae are constructed so as to indicate these different con- 
ditions of the water : Aq (aqua) being the symbol for the 
water of crystallization, and HO for the saline water; thus, 
FeO + 80;, + HO + 6Aq, 

How, does water compare with other bodies as respects solvent power? 
What is meant b^ water of ciystallization, and valine watqr? Howifl 
this difference indicated in formalse 1 
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18 the symbol for green yitriol, which is therefcnne a sol- 
ph'ate of the protoxide of iron, with one atom of saline 
water and six of water of crystallization. The latter is 
easily driven off by heat, but the former only at high tem« 
peratures, or by being replaced by some other body. 

Water unites with many acids with g^reat energy. If 
mixed with sulphuric acid, and a thermometer immersed, 
the temperature will run up rapidly to above 212^. . With 
basic bodies, the same results may be obtained as when 
quicklime is sprinkled with water, or potash and soda 
dissolved in it: toward acids water acts as a base; toward 
bases it acts as an acid ; and toward salts as an indifferent 
body. 

As found in nature, water is always impure. Rain- 
water and melted snow contain the various soluble gases 
which are in the air; spring, river, well, and mineral 
waters the soluble bodies of the strata through which they 
have flowed; from these it can only.be purified by the 
process of distillation. 

DETTTOXIDE OF HYDEOGEN. /rO»= 17-013. 
There is another compound of hyd'rogeH and oxygen, 
the deutoxide of hydrogen. It contains twice the amount of 
oxygen found in water, and is characterized by a remark- 
able facility of decomposition. It is a liquid substance, 
possesses bleaching powers, and is heavier than water 



LECTURE XLII. 

Nitrogen.— PrcparaitVwi of Nitrogen, — Properties, — Its 
Indiffhrent Nature. — lis Oxygen Compounds. — Atmos- 
pheric Air. — Constitution qf.-^-Dimensions of. — Rela- 
tions to Organization. — Density and Temperature. — Fix- 
ed and Variable Qmstituents, — Experimental Proofs of 
its Pressure. 

NITROGEN. iV^=14l9. 
NrrROGEN gad is most readily procured from the atmos- 
pheric air by burning phosphorus in a bell jar over the 

What is the relation of water to acids, bases, and salts ? By what pn>- 
cess is water purified ? What is the constitution and properties of the 
deatoude of hydrogen? What is the process for preparing nitrogen by 
pbosphoms 7 
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pneamatic trough. If a piece Fig. 17«. 

of phospHorus be laid in a cup 
(jF%. 176) and' set on fire, all 
the oxygen in the air of the jar, 
a, will be consumed, white flakes 
of phosphoric acid forming, and 
these, being finally dissolved in 
the water of the trough, d, there 
is leljb behind nitrogen, contami- 
nated to a small extent by the 
vapor of phosphorus. 

If nitrate of ammonia be placed in a retort, and die tem- 
perature raised until it emits protoxide of nitrogen, and 
at that moment, by means of a wire passing through a 
cork in the tubulure, a piece of zinc is lowered down upon 
the melted mass, oxide of zinc is produced, and nitrogen 
gas escapes. The decomposition is very simple, 
NO..Zn = Zn 0,.N. 

Nitrogen gas is a colorless, tasteless, and inodorous 
body, very sparingly soluble in water, that liquid dissolv- 
ing but li per cent, of its volume. It is lighter than at- 
mospheric air, its specific gravity being 0*976. Its atomic 
weight is 1 4 • 1 9. It does not support combustion nor respi- 
ration, and from the latter circumstance obtained formerly 
the name of azote ; but it does not exert any directly pois- 
onous agency on l^e animal system. 

Nitrogen gas is little disposed to unite with other bod- 
ies, except when either it or they ar6 in the nascent state. 
Its compounds, too, are prone to decompose from trivial 
causes ; hence it is among them that we find some of the 
most remarkably detonating bodies. Many animal and 
vegetable substances, into the composition of which it 
enters, are characterized by the facility with which they 
tend to undergo putrefactive changes, and, as we shall here- 
after find, ferments owe their remarkable powers to the 
presence of this element. 

Nitrogen unites with oxygen, and forms five different 
bodies, 

NO...NO^,..NO^...NO^...NOj. 

How may it be made from nitrate of ammonia ? What are the pn^er- 
ties of tiiifl gas ? Why does it give viae to to many explosiTe bodies T 
To what is the property of ferments duo ? How many oompoonds of oxygen 
and nitrogen are mer^ ? 
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Their names are 

Pfotoside of nitrogen. I Nitrooi acid. 

Deotmdde of nitrogen. I Nitric acid. 

HyponitnHui tdd. | 

With oxygen, also, it forms atmospheric ^enr ; out this is a 
mixture, and not a compound. 

ATMOSPHSRIC AHL 
The mechanical properties and constitution of the at- 
mosphere are so important, that I shall here introduce the 
consideration of them hefore passing to the description of 
the oxides of nitrogen. 

The atmosphere consists chiefly of oxygen and nitrogen 
gases, in the proportion of about 21 volumes of the former 
to 79 of the latter. It also contains a minute but essential 
quantity of carbonic acid, which, however, varies at dif- 
ferent times, 10,000 parts of air containing, on an average, 
about five parts of this gas. Besides these, there are found 
in it variable quantities of the vapor of water, and traces 
of ammonia, sulphureted hydrogen, and carbureted hy- 
drogen. It is a colorless, invisible, elastic substance, 815 
times lighter than water, and is taken as the standard of 
comparison for the specific gravity of gases. Its specific 
gravity is, therefore, = I'OOO. One hundred cubic inch- 
es of it weigh, at the mean temperature, and pressure very 
nearly 31 grains. 

There are many methods by which the analysis of the 
Fig. 177. air can be effected. Ure's eudiom- 

eter. Fig. 177, which consists of & 
I siphon tube, closed at one end and 
open at the other, may be used for 
this purpose. Into the closed branch, 
of the instrument, which is also grad- 
uated, a measured quantity of air is 
introduced, and to it is added an 
equal volume of hydrogen. The 
bend of the tube is occupied by wa- 
ter, as shown in the figure, a column 
of air intervening between this water and the open ex 
tremity of the tube. On this the thumb is closely pressed, 

SS^ ^u* *• *^ atmoBpheric air composed t What is its ipecific gray. 
^ J i: r*^ ^* **>« weigbt of 100 cubic inches of it t How may it be >&• 
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M represented, and an electric spark passed thrcmgh the 
instrument by the aid of its platina wires. This sets the 
gnoses on fire ; the column of air beneath the thumb acting 
like a spring to repress the movement at the time of the 
explosion. The amount of gas then left is ascertained on 
the divisions, and one &ird of the deficit represents the 
quantity of oxygen originally present. 

To enable the experimenter to operate on larger quan- 
tities of gas, Brunner*s instrument may ^ yj^ 
be used. It consists of a tube, a be, with 
three bulbs blpwn upon it ; these bulbs 
are filled with cotton which has been im- 
pregnated ¥rith melted phosphorus. The 
tube is attached, by means of a cork, to 
a glass vessel, d, filled with mercury. On 
opening the stop-cock, c, the mercury 
flows out, atmospheric air introducing 
itself hy a b c, and its oxygen being re- 
moved by means of the extendve suiface 
of phosphorus which the cotton presents. 
C onsequently , by measuring the mercury 
which has flowed out we ascertain the 
quantity of nitrogen introduced into the vessel d, and the 
increased weight of the tube a b c determines the amount 
of oxygen. 

The result of such experiments shows that the atmos- 
pheric air is composed of fiom 20*79 to 21*08 parts of 
oxygen in 100 volumes. By weight, its constitution is 
about. 




Oxygen 

Nitrogen 



. 2304 
. 76-96 
100-00 



The earth's atmosphere does not extend indefinitely 
into space, but terminates at an altitude of about fifty 
miles. It ftmns, therefore, a mere film on the face of 
the earth, for the diameter of the globe is nearly 8000 
miles. If a representation of it were placed on a common 
twelve-inch globe, it would scarcely be one eighth 9f an 
inch thick. 

Its relations to the World of organization are full of in- 
terest. All plants come fix>m it and all animals return to 

How bw Bninner'fl instniment ? What is its oonstitatkm by Tbhune and 
by weight 7 To what distanoa does it extend T 
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it, 80 that it staods as the bond of conneetioii between 
these orders of li&. 

As we ascend to more elevated regions the air becomes 
less dense, for the obvioos reason that, as it is a very com 
pressible body, those portions of it nearest the ground 
have to sustain the weight of the superincumbent mass, 
and are therefore more dense ; but in the higher regions, 
where the superincumbent pressure is less, the air is more 
rare, as is shown in the following table : 



1 HaightmMik.. 


VoluiM oTAir. 


Barometric Inehe.. 


0- 


1 


30- 


2-705 


2 


15- 


5-41 


4 


7.5 


8-115 


8 


3-75 


10-68 


16 


1-875 


13-525 


32 


•9375 


16-23 


64 


•46875 



which also shows that the great mass of the atmosphere is 
comprehended within a very short distance of the earth's 
surface. At different altitudes it is of very different tem- 
peratures, being colder as the altitude is greater. 

Of the constituents of the air, the oxygen and nitrogen 
are usually spoken of as fixed, the carbonic acid, ammo- 
nia, and water as variable. There are causes in operation 
which tend continually to impress changes in the amount 
of all these bodies. Every process of combustion, and the 
respiration of every animal, remove oxygen and replace 
it by carbonic acid. But the growth of plants has the re- 
verse action, removing carbonic acid and replacing it by 
oxygen, so that for many centuries in succession the con- 
stitution of the atmosphere is unchanged. 

Of the mechanical properties of the air, the first to 
Fig. 179. which we have to direct our attention is its press- 
ure, which takes effect equally in all directions, up- 
ward, downward, and laterally. Thus, if we take 
a glass tube several feet long, a, Fig, 179, closed 
at one end and open at the other, and having filled 
it full of water, place over the mouth of it a piece 
of card, 5, and turn it upside down, the card will 
not fall off, nor the water flow out ; they remain, 
'as it were, suspended on nothing, but in reality sus- 

What are its reladons to animals and plants ? Why does its densit 
decrease with die altitude ? How does its temperature vary ? V^" 
are the fixed, and which the variable oonstitaents of th^ air 7 Give 
iUustratioDs of the upward pressure of the air. 
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tafned by the upward pressuiie of the air. Or if we take 
a bottle, a, Pig, 180, with a hole, 3, half an inch «rW?. 
in diameter in the bottom of it, and having filled 
it with water, close the mouth of it with die fin- 
ger, it nlay be held up in the air wtthout the wa- 
ter iiowing out, although the aperture h is wide j 
open. In this instance, again, it is the upward 
pressure of the air which sustains the liquid. 

Let the glass globe a, Fig. 181, with its neck 
5, be inverted in some water contained in ajar, 
Cj and the whole covered by an air-pump re- 
ceiver. As the receiver is exhausted, bubbles 
of air pass through the water and escape away, 
but as soon as the pressure is restored the 
water is forced out of the jar upward into the 
globe. 

The air-pump enables us to exhibit in a very striking 
manner many of the chief mechanical properties of the at- 
mosphere/ Thus, if upon the pl&te of it there ^ jgg 
be placed a glass receiver, a. Fig. 182, aa soon 
as uie air is exhausted from its interior, the su- 
perincumbent pressure retains the glass so firm- 
ly in contact that it is impossible to lifl; it off, 
Fig, 1S4. but as soon as the air is readmit- 
ted it can be easily removed. If 
within the receiver a a smaller one, b, be 
placed, and exhaustion made, while a is fixed 
A can be easily moved by shaking the pump, 
but oi»letting in the air, a becomes loose and 
h firmly pressed in contact with the plate. 

If over the mouth of a ^. isi 

jar, Wig. 183, placed upon 
the pump, the palm of < 
^Of the hand be laid, as the 
air is exhausted it is 
pressed in close contact 
with the jar, and can only 
be removed by the ^Lextioa of a very con* 
siderable force. • 

On a small plate, a. Fig. 184, fiimiA 
ed with a stop-cock, h, terminating in a fine 






Qivd fiA mnstratkm of iti d^vrnwaid 
flraot represented in Fig. 183. 

R 
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jet, e, let there be placed a tall glass receiver. The st(^ 
cock being now screwed into the pump and opened, the 
air maj be exhausted from the interior of the receiver 
and the stop-cock closed. But being now opened under 
the surface of some i/mter in a cup, the water passes 
through the jet and rises to the top of the jar, forming a 
fountain in vacuo. 



LECTURE XLIII. 

Atmospheric Air. — Preksure of the Air, — Simple Measu 
of Exhaustion. — Determination of the Weight of Air. — 
Amount of Pre^ssure, — Elasticity of Air. — Exists in the 
Pores of Bodies. — Respiration of Fishes. — Measure of 
Elastic Force. 

The Magdeburg hemispheres, invented by Otto 
Guerick, who also invented the air pump, illustrate in a 
very striking manner atmospheric pressure. They con- 
Fig. 185 sist of a pair of brass hemispheres, a b, Fig, 
185, with handles ; they fit, without leakage, to 
each other by a flange, so as to fonn a perfect 
sphere. One of them has a stop-cock, through 
which the air may be exhausted, and on this 
being done, it will be found almost impossible 
to pull them apart, though as soon as the air is 
readmitted, and its pressure restored to the in- 
terior, they will fall asunder by rfieir •wn weight. 

If over the mouth of an open receiver, a. Fig. 186, a 
Fig. 186. piece of bladder be tightly tied with a wraxed 
thread, when the air is exhausted the bladder 
becomes deeply depressed into a spherical con- 
cavity by the superincumbent pressure, and 
finally bursts inward with a loud explosion. 
It is upon the principle of atmospheric press- 
ure that the various instruments used by surgeons for cup- 
ping act. One of the most simple methods of performing 
this operation is to place the cupping glass .for a moment 
over Uie fiame of a spirit lamp, and then transfer ^t rapid' 

Describe the fountain in vacuo. What are the Magdeburg hemispheres 1 
What is the principle illustrated in these varioos expvnmentsl Bam 
» tbm pioc«s8 of cupping pevSonaed. 1 
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ly to the skin. Spirits of wine, .when binning, fimns a 
veiy large quantity of steam, which, of course, fills the in- 
terior of the glass in a rarefied state by reason of the high 
temperature of the flame. As soon as this steam con- 
denses a vacuum is. formed, and ibe soil surface on which" 
the cup is placed is pressed into its interior. 

For many of these experiments, an air pump is not nee* 
essarily required, but simple contrivances will answer in 
its stead; Thuus, if we take an eight-ounce Vig. isr. 
vial, a, Fig» 187, and fit to the mouth of it 
a cork, o, througb which there passes a piece 
of glass tube, ^, drawn into a narrow jet at 
one extremity, but open at the other, by pla- 
cing the finger over the opening and intro- I ■ W^ 
ducing it into the mouth, the air, by the ac- 
tion of the tongue and the muscles of the mouth, may be 
sucked out to a great extent ; and when the exhaustion 
has been carried, by this means, as far as possible, by 
pressing the finger over the opening, it will close it, act- 
mg, therefore, as a valve. And iiow, if the bottle be turned 
upside down, as at e, the tube dipping beneath some wa* 
ter in a cup, as soon as the fin- 
ger is removed the water is press- 
ed upward, and fprras a fountain 
in vacuo. 

The pressure of the air depends 

Erimarily on the fact tiiat it is a 
eavy body, as may be proved by 
the direct experiment of weighing 
it. For this purpose, let a light 
glass flask, a, Fig. 188, fitted with 
a stop-cock, be counterpoised at 
the balance ; then let the air be 
exhausted from it, and its weight 
determined again. It will now 
be found lighter than before ; but 
upon opening the stop-cock it 
will regain its original weight. 
Experiments made in this man- 
ner show that a flask contain- 
ing 100 cubic inches will, when 

Describe a simple metiiod by wbich partial exhaostion may be pio- 
dncedbytheniQufli. Bow may IJh« w^igW of air be Oirecfly aac wlwttied t 
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exhausted, weigh about thirty-one grains less, and there- 
fore we infer that that is the weight of 100 cubic inches 
oi atmospheric air. 

Atmospheric air is used as the standard of comparison of 
the specific gravities of other gaseous bodies. The process 
tor the determination is vfery simple. A glass globe, g, 

^.189, holding 20 or 30 cu- 
bic inches, is exhausted of air, 
and by means of the stop- 
cocks, e df attached to the jar, 
e, containing the- gas to be 
tried. This gas, which is con- 
fined by mercury, has been 
passed through the drying 
tube, a, by the delivering 
tube, h, into the jar, which 
should be graduated. On 
opening the cocks, e d, the 
gas flows into the exhausted 
globe ; the quantity introduced may be determined on the 
graduation, and its weight ascertained by the balance. 

There are several different methods of stating the 
amount of the mean pressure of the air ; thus, we say that 
it is equal to 15 pounds on the square inch, or to a col- 
umn of mercury 30 inches long, or to a column of water 
30 feet long. 

That air is a highly elastic substance, can be readily 
shown. Under a receiver {Fig, 190) let there 
Fig.iw. ^^ placed a half-blown bladder, the neck of 
which is tightly tied ; as the air is removed from 
the receiver the bladder distends, Fig.m, 
but, on restoring the pressure, it 
becomes as flaccid as it was be- 
fore, showing that the air included 
in it expands and contracts as the 
pressure upon it is made to vary. 

This may be still better shown by taking 
a small India-rubber bag {Fig. 191), the 
mouth of which is closed tightly, and using 

mati- rt,'"*^'*^®'* ™"y *• relative weigbt of other ^e« be detenmnedT 
dU5^S^^^f2^^^^emri«r«ttd water colamnt Howmaytbe 
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it instead of tlie bladder in the last experiment. On rare- 
fying the air in the receiver, the bag begins ta dilate, and 
ynsy be extended to several times its original dimensions, 
as shown in the dotted line ; but as soon as the pressure 
is restored, it returns to its original size. 

Nor does this expansion take place with an 
inconsiderable force. Tf a flaccid bladder be 
placed, as in Fig, 192, with several heavy lead- 
en weights put upon it, as soon as it is caus- 
ed to dilate by removing the pressure, it will 
push up the weights. Nor does it lose its 
elastic force or spring by being long pent 
up in close vessels. Some of the old chem- 
ists kept air compressed in copper globes for 
months, and found that, as soon as an opening was made 
for it, it expanded to its original dimensions. 

Let there be taken a glass bulb, a {Fig, 193), the open 
neck of which, ft, dips beneath some water in t%g, i«| 
a jar, e, and let the bulb and tube be full of 
water, with the exception of a small space oc- 
cupied by atmospheric air. On covering the 
apparatus with an air-pump receiver, dy and 
exhaustinffy the bubble of air, a, gradually ex- 
pands, and aAer a time, as the action of the 
machine is continued, fills the entire glass, both 
bulb and tube ; but as the pressure is restored, it con- 
tracts again, and goes back to its original size. 

By taking advantage of the expansibility of air under 
Fig. 194. reduction of pressure, we are able to dem- jr^. 195. 
onstrate its existence in the pores of many 
bodies; thus, if we place in glasses of 
water an egg {Fig. 194), an apple {Fig. 
195), or other such objects, and, covering 
them with a receiver, exhaust, we shall 
see innumerable bubbles of air escaping 
through the water. The same observa- 
tion may be made in the case of many , 
liquids which hold gaseous substances dis- 
solved. A glass of ale placed in an exhausted receiver 





How may the elasticity of air be shown by an India-rubber bag 7 Give 
an illustration of the amount of this force. How may the presence of aix 
be detected in the pores oC solid bodies t How may air be shown to ezi4 
dissolved in liquids 7 

R2 
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Fig. IM. (Fig. 196) foams from the escape of carbonic 
acid gas, and even clear spring or river water, 
exammed in the same manner (i^. F%g. IV7. 
197), is found to contain a large 
quantity of air in solution. 

This last fact is of considerable 
importance, for it is by the aid of 
this air that the respiratory function 
of fishes is carried forward. On 
examination, however, it is found that this is 
not true atmospheric air, 
but a mixture, which is richer in oxy- 
gen. The atmosphere contains 21 per 
cent, of oxygen^ but this gas contains 
33. The cause of the difference is the 
unequal solubility of oxygen and nitro- 
gen; for the former gas, being much 
the more soluble, the water takes up 
relatively a greater portion of it from 
the air. Fishes, therefore, respire this 
gas, its richness in oxygen making 
up for Its inferior amount; and when 
they are placed in water which has 
been in an exhausted receiver, they die. Their move- 
ments, also, are, to a certain extent, regulated by the air 
contained in a receptacle, or bladder, in their bodies ; by 
the compression of it they can descend, and by its expan- 
sion rise. If they be placed in water in a partially ex- 
hausted receiver, they float on the surface, or can only 
descend to the bottom for a moment by violent muscular 
exertion. 

The necessity of air to the support of com- 
bustion may be illustrated by compaiing the 
length of time a candle will burn in a large 
receiver full of air, and in the same exhaust- 
ed, Fig. 199. In the IjBitter case it speedily 
dies out, the smoke descending to the bottom 
of the jar in the rarefied medium around. 

Substances prone to decay, such as meats 
and fruits, may be preserved for a length of 
time in vessels void of air. The process is 

Of what use is tbe air distolved in water? What is its composition f 
How may tiie necessity of sir to the support of oombnstion be proved ? 




Fig. 199. 




PRESERVATION 07 rRUITS. 



IM 




niiistrated in Fig. 200. The ng, soo. 

fruits are placed in a large jar 
closed by a sound cork, covered 
with seaiing-wax. A small hole 
is made through the cork, and 
the jar covered by an air-pump 
receiver. On exhausting, the 
air passes out through the hole, 
and when the vacuum is per- 
fect the hole is closed by melt- 
ing the wax by the sunbeams 
converged by a convex lens, 
the access of the air being thus 
cut off. 

From the foregoing experiments and considerations, it 
appears that the primary fact in pneumatics is, that the 
air has weight ; from this, by a necessary consequence, 
arises its pressure and the inequality of density of the at- 
mosphere at different altitudes. It also follows that the 
elastic force of the air must be precisely equal to the 
pressure upon it. In any given stratum of air, as, for in- 
stance, that which rests upon the surface of the earth, the 
pressure of the superincumbent mass is equipoised by the 
elastic force ; if the elastic force were less, compression 
would ensue ; if greater, diktation. The pressure and the 
elastic fofce must, therefore, be equal to each other. 



LECTURE XLIV. 

Atmospheric Air. — The Barometer. — Description of it.-^ 
Cause of the Phenomenon, — Proof that it is the Pressure 
of the Air, — History of, the Invention. — PaschaVs Ex- 
periment — Illustrations of the Nature of Pressure, — 
Variability of Pressure, — Point of Perpetual Congela- 
tion. — liocal Disturbances in the Constitution of the Air. 
— Diffusion of Gooses. — The Air is a Mixture, — Mar- 
riotte^s Law. — Gay-Lussac's and Rudberg^s haw. 

If we take a tube of glass, a b, Fig. 201, page 200, more 

By what means may objects be preserved from its influence ? What 
b tiie relation betwoei> the pressure and the elastic force of the air ? 
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rig, ioi. than thirty inches long, closed at one end and open 

SVi at the other end, and, having filled it with quick- 
sHver, invert it in a cup, c, filled virith that metal, the 
mercury will not flow out of the tube, but will 
remain suspended at a height of twenty-eight or 
thirty inches. If there be placed beside Fig. sat 
the tube a scale, d, divided into inches and ti 
decimal parts, the zero of the division 
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coinciding with the level of the mercury 
in the cup, such an instrument forms the 

^barometer. 

The cause of the suspension of the mercury in 
the tube is the pressure of the air. This may be 
demonstrated by placing over the barometer a 
tall air-pump receiver, and exhausting. It will 
be found that, as the pressure in the interior of 
the receiver is reduced, the column of mercury 
in the barometer falls, and on restoring the press- 
ure it rises to its original point. 
Fig. SOS. The same fact may be proved Iq another mannet 
jd If a tube, upward of thirty inches long, the upper 
extremity oi which is closed by a piece of bladaer, 
be filled with mercury and inverted in a cup, as 
shown iQ Fig. 203, the bladder will be found deep- 
ly depressed, the pressure of the air in that m- 
rection being borne by it ; but if now a minute pin- 
hole is made in the bladder, so as to allow the aii 
to press upon the top of the mercury, the column 
rapidly descends, flowing out of the tube. 
The barometer was originally invented by Torricelli. 
Some plumbers, working for the Duke of Florence, found 
that it was impossible to make -a pump which should raise* 
water more than about thirty feet. This feet eventually com- 
ing to the knowledge of Torricelli, he suspected that the 
water rose in those machines in consequence of the pressure * 
of the air, and not through Nature's abhorrence of a; vac- 
uum, as was at that time supposed. But if the limit to 
which wuter can be raised by a pump is reached when the 
pressure of the column of liquid equilibrates the pressure 
of the air, it follows that if a heavier fluid than water be 

Describe the barometer. What is it which supports the mcrctuial cg1« 
wnn? How may this be proved 1 By whom was the bannneter inveot 
edT What were the cironmstaJoceB pf the inventioiit 
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used, the height to which it can be raised is loss. A pttinp 
ought,. therelore, to lifi quicksilver only about as many 
inches as it can lift water ieet ; £(xc the weight of these 
Uquids is about as one to thiiteen and a half, and, accord- 
ingly, Torricelli found, by means of a small pump fixed 
to a long glass tube, that such, in reality, is fhe case. The 
barometer is a simplification of the same apparatus. 

That it is the pressure of the air which sustains the mer- 
curial column was satisfactorily proved by Paschal, who 
reasoned that, if this were the case, the barometric column 
ought to be shorter on the top of a mountain than in a 
valley, because in the former position that pressure must 
necessarily be less. On the experiment bemg made, his 
reasoning was found to be true. 

The principle of the barometer may be illustrated by 
substituting for the pressure of air the pressure of a col- 
umn of water. Thus, if we pour some quicksilver into 
the bottom of a deep glass jar, a, Fig. 204, and J^g- aw. 
plunge into it a long tube, ft, open at both ends, 
the quicksilver \yill rise in this tube, so that its 
level oh the inside will be coincident with that on 
the outside. But if now we begin to fill the jar 
with water, c, for every thirteen and a half inches 
in depth poured in, the quicksilver, d, will rise 
one inch, the mercurial column counterpoising 

the column 6f water. And, on the same princi- 

pie, the column of quicksilver in the barometer counter- 
poises that of the air to the top of the atmosphere. 

Mr. Boyle discovered that the pressure of the air is not 
always the same, but it undergoes many variations, the 
mercurial column sometimes falling near to 27 inches, or 
rising above 30. The range is commonly estimated at 
2*5 inches. It is considerably less in the tropics. These 
changes of pressure are exceedingly irregular, and are 
connected with meteorological phenomena. There are 
alsc diurnal variations, the column rising twice in the 
twenty-four hours. In winter the first maximum is about 
nine A.M., and the minimum at three P.M., the second 
maximum being about nine P.M. 

What vrss Faschal'a experiment ? What did it prove 7 How may the 
phenomena of tbe barometer be iUnstrated by the presst^e of a water 
odmun 1 What is the extent of the irregular vaziatifHis &f preasnre 1 What 
are the dinmal variations? At what times do the maxima and miuimft 
oocar? 
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It has already been observed that the mean pressure ol 
the air is estimated at 15 pounds upon a square inch, or 
equal to a column 30 inches lon|^. A man of average size 
sustains a pressure on the surface of his body of nearly 
thirty thousand pounds. 

The temperature of the atmosphere is lower as we as- 
cend to more elevated regions. A point, therefore, can 
always be reached over any place of which the tempera- 
ture never rises over 32^ F., and where water is always 
frozen. This point is known under the name of the point 
of perpetual congelation. Its altitude differs very much 
in different places, being highest at the equator, and low- 
er as we go toward the poles. It is at 

The Eqaator .... 15,000 feet 
Lfttitade 40^ . . . . 9000 " 

75'^.... 1000 " 

85°. . . . 117 " 

Many causes conspire to give rise to local disturbances 
in the constitution of the air. In its lower strata combus- 
tion and respiration are actively going on ; they tend to 
diminish the oxygen and increase the cal^bonic acid. At 
the equator the effect of a constantly brilliant sunshine on 
the leaves of plants is to diminish the carbonic acid and 
increase the oxygen. But notwithstand ing these 1 ocal dis- 
turbances, and also the fact that the constituents of the 
air ai*e of very different specific gravities, the constitution 
of the atmosphere is nearly the same in all places. This 
Fig. ao5. commixture is partly effected by the mechanical 
action of winds, and partly by the property which 
gases have of diffusing into each other. Thus, 
if two vials, a and c. Fig. 205, communicate with 
each other by means of stop-cocks, h c d^ and if, 
in a, a light gas, such as hydrogen, is placed, and 
in e a heavy gas, as carbonic acid, in a few min- 
utes after the stop-cocks are opened the gases 
will diffuse into each other, the light one descend- 
ing and the heavy one ascending, until they are 
perfectly commixed. And this effect will take 
place even though a barrier should intervene. 
Thus, Dr. Mitchell found that gases would read- 
ily pass through the close texture of India-rub- 

What iB the point of perpetual congelation ? How does it vary with 
the latitude f What are the caiues which tend to change the composi- 
tion of die air T What ii meant by the diflhaion of gaaei ? 
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W to mingle with each other; and I have observed the 
same in the case of films of water. Thus, if a «• j-- 
bottle, a, Fig: 206, full of atmospheric air, have its 
mouth closed by a film of soap-water spread over 
it by the finger^ and then be placed under a bell 
jar containing protoxide of nitrogen, this latter 
gas passes rapidly through the film, and distends 
it into a bubble by forcing its way into the bottle. " 
The force with which gases will thus pass into each other 
is sometimes very great. I have proved that sulphureted 
hydrogen will diffuse into atmospheric air, though resist- 
ed by a pressure of more than fifty atmospheres. 

That the atmospheric air is a mixture, and not a com 
pound, is proved by its easy decomposibility, its refract- 
ive power, and by the fact that its constituents retain their 
properties unchanged. The amount of its oxygen may be 
determined by the combustion of phosphorus, or detona- 
tion with hydrogen ; the amount of its carbonic acid, which 
varies in damp or dry seasons, being dissolved out by 
showers of rain,.may be determined by potash or lime- 
water, and its aqueous vapor by the process for the dew- 
point already described. 

Atmospheric air being thus an elastic and compressi- 
ble body, it remains to explain the law which de- Fig. 907 
termines its volume under changes of pressure. ^^ 
This is known under the name of the law of Mar- 
riotte, and, applying to many other gases besides 
atmospheric air, is to the effect that the volwine of 
a gas is inversely as the pressure upon it. This law 
is of the utmost importance in gaseous chemistry. 
It may be illustrated by the instrument {Fig. 207), 
where a ^ is a bent tube, open at the^ end a, and 
closed at b. The branch a may be several feet 
long, and h six inches. A small quantity of mercury is 
poured into the tube, so as to occupy the bend and shut 
up a column of air between d and b. Now, if the tube is 
filled with quicksilver to the height of 30 inches, as to a, 
the pressure of this column is exerted on the air in the 
closed branch, h ; and as there are now the weight of two 
atmospheres, that of the ordinary atmosphere and that of 

Does this take place through intervening barriers ? How is this con- 
nected widi the constitution of the air ? What proofs are there that the 
atmosphere is a mixtore, and not a com}H)und ? what is Marriotte's law f 
How may its trath be pxordd 7 Oiva AsAmpWs of Marriotte's law. 
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the mercurial coluznn, it is compressed into half its fomifiar 
voluipe, c. If we bring upon it three atmospheres, it will 
be compressed into one third ; if four, to one fourth, &a 
And the law holds good, also, for diminutions of pressure. 
If, on a given volume of gas, the pressure is reduced to 
one half, the volume doubles ; if to one third, it triples ; 
to one fourth, it quadruples ; in all cases the volume being 
inversely as the pressure. 

The exact amount of dilatation of atmospheric air for 
elevations of temperature was determined by Gay-Lussac 
as follows : In a. tin box. A, containing water^ there is in 
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troduced through a perforation at <?' a bulb, g, with a tube, 
g't containing the air, the dilatation of which is to be 
measured. This air has been previously introduced in a 
■tate of dryness by the chloride of calcium tube, h h'. At 
f» is a globule of mercury, which acts as an index, and 
confines the air. On the opposite side of the tin box, at 
<?, a thermometer, sth^ is introduced, and another one, t^, 
passing through the top of the box, occupies the center. 
The box is first filled with water containing fragments of 
ice, and when the thermometers ai'e at 32^, the position 
of the index, to, is marked. The furnace is then lighted, 
and when the water boils, and the thermometers are at 
212°, the index, m, is again observed. The difference 
indicates the dilatation of the air for 180^ ; and in this 
manner Gay-Lussac found that 1000 volumes of air be- 
come 1375. These results have been of late carefully ex- 
amined by Rudberg, who fixes the amount of expansion 
of air at ^1^ of its volume, at 32^, for every degree of 
Fahrenheit's scale. 



Wbat is the law of GFay-Losuo 7 What is tha absolato ^ilfttff tifm of afr 
M ddtennined by KudbargT 
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LECTURE XL\, 




Compounds of Nitrogen and OxYOKS.-^Proiaxide of 
Nitrogen. — Preparation and Properties o/I — Constitu- 
tion. — Supports Combustion. — Produces &toxi€ation, 

Deutoxide of Nitrogen. — Preparation and Properties of. 
— Constitution. — Relations to free Oxygend — Hyponitrie 
Acid.'^Preparation and Properties of, 

PROToxms OF Nirao^Bw. no ^99-903 
If the nitrate of ammonia be exposed to a temperattue 
of about 350 degrees in a retort, ^ i^r- *>». 
Fig. 209, it undergoes decompo- 
sition, being resolved into water 
and the protoxide of nitrogen ; the 
former condensing in the neck of 
the retort, and the latter rising 
into the pneumatic j ar. If whitish 
fumes are evolved, they indicate that the process is going 
on too fast, and the heat must then be moderated. The 
change taking place is very simple. It is a mere rearrange* 
ment of the constituent atoms of the nitrate of ammonia. 

NO^ + NH^...=: ...2{N0) + 3{H0). 

One atom of that salt, therefore, yields two atoms of 
protoxide of nitrogen and three of water. 

The protoxide of nitrogen is a colorless gas, transpar 
rent, like atmospheric air ; it has a sweetish taste, ana is 
soluble in water, that liquid taking up about three fourths 
of its volume of the gas when cold, but the solvent power 
being greatly diminished by warming the water. Its 
specific gravity is 1*527. It may be liquefied at ^.310 
45^ by a pressure of fifty atmospheres, and has ^ 
even been solidified. It is composed, by atom, of 
one of nitrogen and one of oxygen, and by vol- 
ume, of two volumes of nitrogen united to one of , 
oxygen, condensed into two volumes, a constitution [ 
like that of water. It therefore contains half its 
bulk of oxygen gas, and supports combustion with 

How may protoxide of nitroffen be made? "Wliat arg iti properties* 
^ What ia iti ooD»titiitio& 7 Doef it euppert combofUon ? 
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activity. A lighted taper immorBed in it bums brigbtlj, 
and, as in oxygen, if there be merely a spark on the wick, 
it kindles into a flame. Phosphorus bums in it with great 
brilliancy. 

Sir H. Davy discovered that not only does this gas sup- 
port respiration, but that it exerts a remarkable physio- 
logical action when breathed, producing a transient in- 
toxication, which wears off after two or three minutes. 
These effects are undoubtedly due to the oxydizing ac- 
tion which the protoxide establishes in the system. In 
this respect it is far more active than even pure oxygen 
gas, and the reason is obvious : oxygen is but slightly ab- 
sorbable by watery fluids, but this gas is taken up by 
them to a very great extent. When it is introduced into 
the lungs, it is rapidly dissolved in the blood, and carried 
by the circulation to every part of the body, oxydizing 
whatever is in its path, and producing a febrile warmth 
and an unusual mental disturbance. 

The protoxide of nitrogen shows but little disposition to 
unite with other bodies. It may be regarded as an in- 
different substance. 

DEUTOXIDB OF NITEOGEN. JVOgrs 30-216. 

The deutoxide or binoxide of nitrogen may be made 
by the action of nitric acid moderately diluted upon me- 
tallic copper. If these substances are introduced into a 
Fig.m, flask together, and, when the action mod- 
erates, fresh portions of nitric acid be added 
through the mnnel {Fig. 211), a colorless gas 
is evolved, which may be collected over wa- 
ter, in which it is only sparingly soluble, one 
hundred volumes of that liquid dissolving 
about five of the gas. 

It is composed of equal volumes of nitrogen 
and oxygen united, without condensation. Its specific grav- 
ity is, therefore, 1'0416. It does not support combustion ; 
a lighted taper immersed in it is at once extinguished ; 
but if phosphorus, burning violently, be inti^oduced in it, 
the combustion goes on with increased activity. Iron 
and several other metals withdraw from it one half of 
jtB^xy gen, converting it into the protoxide. 

^^at are its relations to respiration? How long does this intoxicating 
f « 1«!i'» * ' What is the cause of it ? Why is the protoxide of nitrogen 
S?i^f!Sl'®'?*^t««5o^ How is the deutoxide obtainedt What is its 
co««titution? Doe. it support oomhustiont 
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The most remarkable quality of the deutoxide of nitn>- 
gen is its action on mixtures containing oxygen gas, a&, 
tor example, atmospheric air ; with these it at once pro- 
daces red fumes of nitrous acid, which are soon removed 
if water be present, the deUtoxide taking up two atoms 
of oxygen to change into nitrous acid. On this principle 
it has been used for the purpose of effecting the analysis 
of atmospheric air, but, unless several precautions are ob> 
served, the results are incorrect. The deutoxide should 
be added in a small and steady stream to the air; red 
fumes are at once produced ; these are soon removed by 
the water, and the residue is less in volume than the air 
and deutoxide taken together. One fourth of the deficit 
is equal to the volume of the oxygen originally present. 
By operating in this manner, as I have had many occa- 
sions to observe, correct results may be obtained. The 
general process may be illustrated by taking a tall jar 
and placing in it a certain volume of atmospheric air, to 
which is to be added an equal volume of the deutoxide. 
Though both gases are colorless at first, a deep copper- 
colored vapor is the result ; this is removed after a time 
by the action of the watpr, which, rising in the jar, ex- 
hibits a deficit in the amount o£ the gases. 

A solution of the protosulphate of iron dissolves this 
gas abundantly ; and if a small quantity of the sulphuret 
of carbon be poured into it, and a light applied, the mix 
tiire bums with a blue flame. 

HYPONITROUS ACID. NO3 = 38-229. 

This substance may be made by mixing four volum#8 of 
dry deutoxide of nitrogen with one of dry oxygen, and 
exposing the mixture to cold. The gases condense into 
a liquid of a greenish color, which gives forth an orange 
vapor. Hyponitrous acid is decomposed by the contact 
of water, deutoxide of nitrogen escaping with -an effer- 
vescence, and nitric acid being produced, three atoms of 
hyponitrous acid yielding one of nitric acid and two of 
the deutoxide. 

2^NO^,..-...NO, + 2NOa. 

"Whet ifl its action on gaseoad mixtarefl containing oxygen t Under 
what circnmatanceB may it be aged to determine the amount of oxygen f 
How may its action on oxygen mixtores be illustrated 1 What is its re- 
lation with the protosolphate of iron 1 And what with the vapor of so], 
pfaoret of carbon ? How may hypomtrons acid be procm^ed? What ig 
the action of water on it 7 
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LECTURE XLVI. 

Compounds of Nitbookn and OxYQtst.—^NUroui Acid, 
'-^Preparation and Prapertieg rf.-^^Remarkahle Ckanga 
of Color. — Nitric Acid, — Discovery of. — CavendisK'i 
Mxperiments. — Sources from which it is Derived. — CW- 
mercial Preparation. — Its Properties. — Is a Hypothet- 
ical Body. — Purification. — Detection. 

NITROUS ACID. JV04 = 46-«42. 
Nitrous acid may be made by mixing together one 
volume of dry oxygen with two of the dry deutoxide of 
nitrogen, and exposing the mixture to a yeir low tem- 
perature ; but it is much more easily procured by distill- 
\n^^ in a porcelain or hard glass ng.ti% 

retort, a. Fig. 212, dry nitrate of 
lead, and receiving the gases on 
a tube, i, artificially cooled by a 
freezing mixture, c. The nitrous 
acid condenses as a colorless liquid, 
which becomes yellow as its temperature rises. Its spe- 
cific gravity, in the liquid form, is 1'42. It solidifies at 
40^ F., and boils at 82° F. Ita vapor possesses remark- 
able optical qualities. When its temperature is very low, 
it is nearly colorless ; it takes on an orange tint as the 
degree of heat increases, and finally becomes almost 
black. The peculiarity of the phenomenon is, that if the 
gas be examined while undergoing these changes, by 
passing a ray of light through it and analyzing it by means 
of a pnsm, as explained in Lecture XIX., a great number 
of fixed lines are found in the resulting spectrum ; and as 
the temperature rises these increase so much in number 
and in breadth that the light becomes fincdly obliterated. 
The vapor of nitrous acid, when once mixed with atmoa- 
pheric air, is condensed into the liquid form with great 
difficulty. It is wholly irrespirable, and, even when .^ 
luted, of a very unpleasant odor. Nitrous acid is, for the 
most part, decomposed by water, 

3i\ro4. .. = ... 2i\ro5 -f ivo„ 

How may nitfotu acid be made ? What are iti propertiea 7 How doei 
tbe color ctf itB vapor change hy heat? What ia Ihe cause of the fina. 
blackneti ? What are the relations of nxtroos acid and wateorl 




thzee atoms oiTit yielding to two of nitric acid and one of 
tbe deutoxide of nitrogen, as seen in the formula ; but 
tbe nitric acid produced protects a portion of the nitrous 
acid, which thus escapes aecomposition. Its yapor is ab- 
sivrbed by nitric acid. The production of this acid by the 
process with nitrate of lead is of considerable philosoph 
ical interest ; 

PhO+NO,... = ...PhO + NO,+ 0, 

one atom of the nitrate of lead yielding one atom of ox 
ide of lead, which remains in the retort, one of nitrous 
acid, and one of oxygen gas, which escape. It might be 
expected that, in such a distillation, we should obtain 
oxide of lead and nitric add. The cause of the non-ap- 
pearance of the latter body will, however, be presently 
understood. 

NITBIO ACID. N06 = 54*255. 

Nitric acid, the most important of the compoimds of 
oxygen and nitrogen, and one of the most important of 
the acid bodies, was iirst discoveried during the ninth 
century. The discovery of this and some of the other 
powerful acids form one of the epochs in chemistry. The 
science can scarcely be said to have existed until that 
time, the Egyptians, Greeks, and Romans having no 
knowledge of these bodies, nor, indeed, of any more pow» 
erful than vinegar. 

The constitution of nitric acid was determined by Mr. 
Cavendish, who formed it synthetically, by passing electric 
sparks through atmospheric air in contact with a solution 
of potash. The nitrate of potash was obtained. 

Nitric acid also occurs to a small extent in rain water, 
especially after thunder storms, and by some supposed to 
originate upon the same principles as in Cavendish's ex- 
periments ; but probably it is due to the oxydation of 
ammonia, which always exists in the air. The chief sup- 
ply is derived indirectly from the decay of vegetable or 
animal matter, in the presence of oxygen gas, and in con- 
tact vrith basic bodies. Collections of such refuse pass 
under the name of nitre beds, and, in France and G-er- 

What is tb« decom|K>sition which takes place when nitrate of lead ii 
difltilled? When was nitric acid discovered 1 How was its composition 
ieterttdja/odihy Oayenduh? What is the source of the nitric acid in rain 
watert 
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many* furnish the saltpetre which is used for the msmu* 
fiictiire of gunpowder. In the East Indies, nitrate of 
potash is obtained by lixiviation from the soil in which 
earthy nitra^ naturally occur. From South America 
the nitrate of soda is exported ; it is found as an efflo- 
reecence on soils in which conunon salt probably exists. 

In most of these cases the nitric acia arises from the 
oxydation of ammonia produced during putrefJeLctive fer- 
mentation. 

The formula sl^ows the probable nature of the action ; one 
atom of ammonia, under the influence of eight of oxygen, 
will yield one of nitric acid and three of water. 

The nitric acid of commerce is made by distilling equal 
weights of sulphuric acid and nitrate of potash. The 
process may be conducted in a small way in a glass re- 
tort, A, Fig. 213 ; and it is found adyantageous to use 

Fig, 213. 
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tne quantity of sulphuric acid here stated, because a solu- 
ble bisulphate of potash is formed, which may be easily 
removed without breaking the retort. Half as much sul- 
phuric acid would effect the decomposition, but it would 
require a higher temperature, and the neutral sulphate 
which forms could with difficulty be removed. The 
change which takes place is thus exhibited : 

(KO, NO,) + 2{H0, SO,)... = ,.. {KO, HO, 2S0,) 
+{HO,NO,;) 

From what soarces is nitrate of potash produced ? How may nitric aci4 
arise £rom ^e oxydatitm of ammonia ? How may nitric acid be made ? 
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that is, one atom of nitrate of potash and two of sulphuric 
acid furnish one atom of bisulphate of potash, and one of 
hydrated nitric acid distills over into the receiver, B, which 
is kept cool by a stream of water flowing from t into a 
vessel, c c, the waste water passing Xfarough led. A net 
is wrapped over the receiver to distribute the water 
evenly. In this process nitrate of soda may be advanta- 
geously substituted for nitrate of potash. 

Hydrated nitric acid thus produced is a colorless liquid, 
which boils at 248^ F., though this point changes with 
the amount of water in the acid. It tteezes at —40^ ; is 
decomposed into oxygen and nitrogen by being passed 
through a red-hot glass tube. It turns yellow in the sun- 
shine, owing to a portion being decomposed and nitrous 
acid set free, which dissolves in the residue, and gives it 
an orange tint. The nitric acid of the shops (aqua ft)rlis) 
commonly possesses this color, from which it may be 
freed by boiling in a glass vessel. It stains the skin and 
other organic matters yeUow, and hence is nsed in the 
arts of dyeing. Its action on many metalline and other 
combustible bodies is exceedingly violent, ow- Fig, su 
ing to the great amount of oxygen it contains. ^^ 
Poured upon, some pieces of copper in a wine* 
glass, over which a bell jar may be inverted 
{Fig, 214), an effervescence takes place, and 
the red fumes of nitrous acM abundantly form« 
Though it is one of the most povtrerful oxydizing 
agents we possess, it c^en happens that, in a state of 
great concentration, it will scarcely act on a metal, but 
3ie addition of a little water causes the action to set in. 

Nitric acid {NO^ is a hypothetical or imaginary body 
which has never yet been isolated ; the nearest approach 
to it that we know is the strongest aqua fortis. This has 
a specific gravity of 1*521, and consists of one atom of 
hypothetical nitric aqid and one of water. Its formula, 
therefore, is 

NO, + HO. 
Its molecular constitution probably is 

NO^ + H. 

What are its properties ? When passed throagh a red-hot tube, whtt 
happens to it ? Why is commercial nitric acid often yellow ? What is the 
action of this acid on the skin and on metallic bodies ? What is the near- 
est approach to hypothetical nitric acid ? 
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It is, a« we sUll find bereafter, a bjdrogen add. Frma 
Uu6 we see the reason of the circumstance that in the de- 
composition of dry nitrate of lead, described in this Lecture, 
nitric acid does not make its appearance, but nitrous acid 
and oxygen ; for, being a hypothetical body, its atom is 
dissevered in the act of being set free. 

Nitric acid of commerce can be purified by distillation, 
rejecting the first portions which come over, as they con 
tain chlorine, and leaving a portion in Ihe retort contain- 
ing sulphuric acid and fixed impurities. If twelve parts 
are distilled, the first three may be cast aside, and oim 
left in the retort ; the intermediate eight are pore. 

When it is in a solution, nitric acid may be detected by 
the addition of sulphuric acid, and a drop or two of pro- 
tosulpbate of iron ; a brownish color is produced where 
the two liquids meet. When in a concentrated state, the 
evolution of red fumes, by the action of copper, detects 
it. It also gives a blood-red color with morphia. The 
nitrates deflagrate when ignited with combustible matter, 
a result which may be well shown by grinding together a 
few ounces of nitrate of potash and common sugar, and set- 
dng fire to the mixture. Owing to the solubility of all its 
compounds, nitric acid can not be precipitated. 



LECTURE XLVIL 

Sulphur. — Natural and Artificial Forms^ — Preparation 
of Flowers. — Properties of Sulphur. — Its Vapor. — Ox- 
ygen Compounds of Sulphur, — Sulphurous Add. — Prep- 
aration. — Properties. — Bleaching Effects. — Condemsa- 
tion to the Liquid State. — Its Compounds, 

SUIPHITIL fif=1612. 

Much of the sulphur in commerce is derived from vol- 
canic countries, in which it occurs ofi;en in a pure and 
crystallized state. It is one of the most common element- 
ary substances, being found abtmdantly united with va- 
rious metals, such as iron, copper, lead. In combination 
with lime, baryta, &c., it occurs as sulphuric acid, and is 

Why can not it be isolated ? How may it be purified? Hovr may it 
be detected? Why can xM>t nilario aoid be detected by predpitatkni 7 Ua- 
der what fbmm doca aulphar naturafly oocopl 
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•ko an ingredient cf many ammal and rdgetable prod« 
ttcts. 

Sulphur is met with under three different forms : roH 
sulphur, flowers of sulphur, and lac sulphuris. Roll sul- 
phur is an impure yarietj, which receives its form from 
being cast into cylindrical molds ; the flowers of sulphur 
are fornied from the impure brimstone by sublimation ; 
lac sulphuris differs from the foregoing in being of a white 
color. It 13 prepared by precipitation from the persulphu- 
ret of potassium by hydrochloric acid. 

The preparation of flowers of sulphur is conducted in 
an apparatus^ such as Fig. 215. A is a room, or chamber, 




of 2000 feet capacity ; c is a pan containing sulphur, which 
is melted by the furnace, as; the vapor passes along i d 
h, and, entering the chamber, is there condensed. The re- 
sulting flowers are removed through the door p. If an 
explosion occurs, when the process commences, it lif^ 
the valve e, and the gases escape through the chimney, t, 
M Mia 3, shed under which the apparatus is constructed. 
As the iron pan becomes exhausted, new quantities of 
brimstone can be introduced through the door n. 

Sulphur commonly ' exists as a solid of a yellow col- 
or, and of a specific gravity of 1-99, having neither taste 
nor smell. It melts at 226^ F. into a pale yellow-colored 
liquid ; but what is very curious, if the heat be raised to 
about 450^ F., it changes to the color of molasses, and be 
comes so thick and tenacious that the capsule in which 
the fusion is carried on may be turned upside down with- 
out the sulphur flowing out. At 600° F. it boils, and, as 

What are its artificial fenu 7 How are tiie flowen of ataphnr made? 
What tare th^ propertiM of gtOidrar ? What ohaneei ikiay he observed la 
itwiMimelliiigt 
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the heiit approaches that point, it again becomes fluid ; 
and, as it cools, runs tbrougti the same changes again in a 
reverse (urder. If suddenly quenched in cold water at the 
low temperature, before it thickens, it solidifies into ordi- 
nary sulphur ; but if heated for a time to near 600^, and 
then quenched, it becomes, on cooling, elastic, like India- 
rubber, and may be drawn into long threads ; and in this 
state is sometimes used for taking casts of coins, for hy 
keeping a few days it slowly returns to the condition of 
ordmary sulphur. 

When rubbed on a piece of flannel it becomes highly 
electric, assuming the negative state, and at one time was 
used in the making of electrical machines, be£ore the pow 
en of glass were discovered. A roll of it held in the 
warm hand emits a crackling sound, the crystals of which 
it is composed separating from one another. It is a bad 
conductor of heat and electricity, crystallizes under two 
different systems, and is, therefore, a dimorphous body, 
one of its forms being an acute rhombic octahedron, and 
the other an oblique rhombic prism. When heated to 
about 300^ F. in the open air, it takes fire, and bums 
with a blue flame, emitting a suflbcating odor, ftimes of 
sulphurous acid gas. It is wholly insoluble in water ; its 
proper solvent is the bisulphuret of carbon. 

The vapor of sulphur is of a deep yellow color, and has 
die high specific gravity of 6*648. In it metallic bodi^ 

will bum precisely as they do 
Fig.iM, 1^ y^^itv i^ o^tygen gas. Dr. Hare has. 
shown that if a gun barrel be 
heated red hot at the breech, 
and a piece of sulphur drop 
ped into it, the muzzle being 
closed .with a cork, an ignited 
jet of sulphur vapor issues from the touch-hole, in which, 
if a bunch of iron wire be held, it takes fire and bums brill- 
iantly. 

Sulphur has a very extensive range of affinities, uniting 
with most metallic substances in several diflbrent propor- 
tions, with hydrogen and also wfth oxygen, "mth the 
latter substance it ftimishes the following compounds : 

What electrical condition does it aMnme by fiiction 1 'W:hat are its 
conducting: powers T Why is it called a dimorphous bo^ 1 At what tern- 
peratnre does it take fire, and what is the pit>dact of its oombostioii? 
What is the specific gravity of its rapor ? Does it snppoit oomlHMtMnt 
^Vhat an the oxygen compoands of supfanr? 
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their designations are, respectively, 

Snlphnroas acid. 

Sulphuric acid. 

HjrposulphucouB acid. . 

Hyposulphuric acid. 

Smphureted hjrposulphuric acid (acid of Langlois). 

Bisulphureted hyposulphuric add (acid of PcnitloB and Qdif>. 



Fig. 817. 




SULPHUROUS ACID. SO2 = 32146. 

This acid may be formed by burning sul- 
phur in oxygen gas or in atmospheric air ; in 
the latter instance the resulting gas is, of 
course, contaminated with nitrogen. The pro- 
cess may be conducted under a bell jar, the 
burning sulphur being placed on a capsule or 
stand. 

But a much better process is to effect the 
partial deoxydation of sulphuric acid by heat- 
ing oil of vitriol with mercury, which deprives it of one 
atom of oxygen, forming an oxide of mercury, which 
unites with one atom of the excess of sulphuric acid pres- 
ent to form a sulphate. For many of the ordinary purpo- 
ses to which sulphurous acid is applied, it may be pro- 
cured by the action of fragments of charcoal heated with 
sulphuric acid. In this case, however, carbonic acid is 
also evolved. When a solution in water is required, the 
gas may be passed directly into that liquid, but if it be nec- 
essary to retain it in a gaseous state, it must be received 
in jars at the mercurial trough, or collected by the meth- 
od of displacement 

It is, under ordinary circumstances, a transparent and 
colorless gas, having an un- 
pleasant taste, and the smell 
characteristic of burning sul- 
phur. It is wholly irrespira- 
ble, and promptly extinguish- 
es a lighted taper. Its specific 
g^vity is 2'222, and, therefore, 
if a stream of it which has been 
cooled by flowing from the 

How may suh>hurou8 add be made ? 'What is the principle of the pro- 
ceu when sulpburio acid acts on mercury or charcoal? What are the 
OToducto in each case ? Why muft the gaa be collected over mercury ? 
What are its piopertieg ? 



Fig. 218. 
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generatiBgfla$k<r,JR%.218, through abexittabe,5,imineTS- 
ed in a jar of cold water, be conducted to the Vottom of an* 
other jar, c, the gas, as it collects, displaces the atmospheric 
air, floating it out of the yessel. This process is of very- 
general application in the collection of gases which are 
absorbable by water, and ia known under the.name of ^e 
method by displacement. 

In a jar of sulphurous acid thus collected, if a lij^hted 
Fig.n9, taper be immersed, it is at once extinguished. 
'^ If the jar be inverted over water, the gas is 

speedily dissolved, that liquid taking up about 
thirty-seven times its volume of the gas. If veg- 
etable colors are sulnnitted to its influence, they 
are bleached, but the color is not destroyed as in 
bleaching by chlorine^ since It can be restored 
by the action of a stronger acid. 
Sulphurous acid is among the gases one that most read- 
ily takes the liquid form. If diere be connected with the 
flask from which this gas is being evolved a bent tube pass- 
ing through iced water in ajar, and the gas, afl»r ftaversing 
this tube, be conducted into a bbttle placed in a fineezing 
mixture of snow and dilute nitric a6id, it condenses into 
a colorless fluid of the specific gravity 1*45^ which boils 
at 14^ F> This fluid is sometimes used to produce i^ 
tense cold by its evaporation. 

With bases, this acid forms a complete series of salts, 
the sulphites, which are readily decomposed by the atron^ 
ger acids, and are occasionally employed as deoxydizing 
agents, ftom the circumstance that metallic oxides inay be 
reduced by them, their sulphurous passing into the con* 
dition of sulphuric acid. 

What is the method by displacement 7 To what extent U tiiia acid sol- 
nble ia water? Are its bleaching effects permanent? fibw may it be 
condensed ? What are the properties of tins Eqnid ? For what purposes 
■re the sulphites employed? 
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LECTURE XL VIII. 
Compounds op Sulphur and Oztgen. — Sulphuric Acid. 
— The Anhydrous Acid, — Its Affinity for Water, — Ger' 
man OH of Vitriol, — Its Constitution and Uses. — Com^ 
mon Sulphuric Acid. — Preparation on the Large Scale* 
— Its Chemical Relations, — Purification, — Detection, — 
Other Sulphur Acids. 

SULPHURIC ACID. 5^0,= 40*159. 

This compound is not alone the most important of the 
acids of sulphur, but also the most important of all acids. 
By the aid of it, nitric, hydrochloric, and many other 
strong acids are made for commercial purposes. In the 
production of carbonate of soda and chloride of lime, im- 
mense quantities of it are consumed. 

Of sulphuric acid we have several varieties, differing 
firom eadi other in the amount of water they contain. 
1st. There is anhydrous sulphuric acid, the formula for 
which has already been given as containing one atom of 
sulphur and three of oxygen. This substance may be 
prepared by submitting the fuming oil of vitriol of Nord- 
nausen to a temperature of about 290^ Fahr., when there 
distills over a wiiite substance of a crystalline aspect. It 
fiimes in the air, melts at 77^ Fahr,^is convertea into va^ 
por at 160^, has an intense affinity for water, in which, if 
It be placed, it hisses like a red-hot iron. It is to be par- 
ticularly remarked, however, that the acid powers of this 
substance are very feebly marked ; it shows little tenden- 
cy to unite with other bodies, and when such combina- 
tions are effected, the resulting substances are different 
from the true sulphates. 

2d. German, or Nordhausen oil of vitriol, JBTO, SOi + 
SO,. 

This substance is prepared by taking green vitriol, and, 
by exposure to heat, driving off its water of crystallizaF 
tion (six atoms)^ and also a portion of its saline water. If 
the dried powder be placed in a stone-ware retort and 
exposed to a high temperature, there distills over a dark 

What are the propertieB of unhydzooB aulphnric acid, and how ia it pre 
pared? What ia the proceaa for preparmg the German oil of vitnon 
What ia its appearance ? 
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oily liquid ; hence the ierm oil of vitriol : this is the Bat>- 
dtance in question. It» formula shows that it is composed 
of two atoms of anhydrous acid united to one of water. 
A considerable quantity of it is used in the arts for dis- 
solving indigo. 

3d. Common sulphuric acid, HO, SO,. 
This is the substance which passes in commerce as 
common oil of vitriol. It is made on the large scale by 
burning sulphur with nitrate of potash or soda, and con- 
ducting the sulphurous and nitrous acids which result 
into large chamuers lined with lead, in which steam is 
thrown, the bottom of the chamber being covered vinith 
water. The sulphurous acid takes oxygen £rom the ni- 
trous acid, reducing it to the condition of d^utoxide ; but 
this being done in the presence of atmospheric air, which 
fills the chamber, the deutoxide instantly reassumes the 
condition of nitrous acid. The deutoxide, therefore, con- 
tinually transfers oxygen from the atmospheric air to the 
sulphurous acid, and brings it to the condition of sulphuric 
acid. 

After a time the water at the bottom of the chamber 
becomes charged with sulphuric acid ; it is then concen- 
trated by di*awing off the excess of water in platina or glass 
boilers, and finally assumes the specific gravity 1*845. It is 
\ dense, oily liquid, freezes at — 15° and boils at 620^. 

The attraction of common sulphuric acid for water is 
K^.aao. very intense. If a tube, containing some ether, 
jy^ be stirred in a glass {Fig. 220) in which sulphur- 
ic acid and water are being mixed, the tem- 
perature rises so high that in a few moments the 
|<K ether boils. On the same principle, it will re- 
move from most gases which are passed over it 
any water they may contain; and, as we have seen 
in Lect. XII., water may be frozen by taking advantage 
of the rapidity with which sulphuric acid will absorb its 
vapor. Organic substances may also be charred by the 
action of this acid ; for example, woody fibre is a com- 
|K>und of carbon with the elements of water, and when 
acted upon by sulphuric acid, the carbon is set free, the 
acid taking from it a portion of its water. 

For what purpose k it used 7 What is Ae process for prep&ring com- 
mercial sulphuric acid ? What are its properties ? What illustrations 
■My b» giren of its iutefiss afllxiity for water? 
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Sulphuric acid of commerce is never pure ; it cootainf 
sulphate of lead, derived in the process of its manu£u:ture, 
and also, sometimes, arsenic, selenium, and nitrous acid. 
From the first it may he purified hy dilution with water, in 
which sulphate of lead is insoluhle ; but when required 
entirely pure, it must be distilled, the first portions being 
rejected. 

The presence of sulphuric acid may be detected by any 
of the soluble salts of barium, such as the chloride of 
barium, or the nitrate of baryta, the white sulphate of 
baryta precipitating insoluble in water and acids. 

To black woolen clothing this acid communicates a 
1 eddish stliin, removable by being touched with ammonia. 

Besides the compounds just described, we have other 
definite hydrates of sulphuric acid, thus : 

(4) SO3 + 2H0. 

(5) SO3 + 3HO. 

The fourth of these has a specific gravity of 1*78, and 
crystallizes at 39^ Fahrenheit in large and beautiful crys- 
tals. The fifth has a specific gravity of 1*632. 

HYPOSULPHUaoUS ACID. StO^ = 48-2M, 
has not yet been isolated ; one of its salts, the hyposul- 
phite of soda, is extensively used in the Daguerreotype 
process for removing the sensitive coating on the plates. 

HYPOSULPHUHIO ACID, fiT, 0« = 72355, 

is a sirupy liquid of a very acid taste, and is not applied 

to any use. 

Besides these, we have two other acids of sulphur : 

Sulphareted hyposulphnric acid, SiOs =3= 88*475, diiooyered by Langtoii. 
Bisalphnrefted hypotolphiiric acid, S4O6 :^ 104*595, discovered I»y FordM 
andCtelis. 

Chemists are now very generally agreed that all these 

compounds are to be regarded as hydrogen acids — a 

striking departure from the Lavoisierian doctrines. They 

have been led to this view by the consideration that no 

well-marked acid exists in which hydrogen is not found ; 

that all these sulphur acids possess the same neutralizing 

By what gubstancet ia it nsaally rendered impure 7 How may it be 
purified ? How may it be detected? How may sulphuric acid stains on 
clothing be removed? What other hydrates of this body are there t 
What are the uses of hyposulphurous acid? What other sulphur acidf 
toe there ? What is the nature of the views now held in rt^l •♦ =•> • to the 
acids of stilphar, and acids generally. 



980 SULPHUmSTSD HYUftOOEN. 

power, though the quantity of oxygen they contain is no 

different. They regard them all as being formed J>y the 

union of one atom of hydrogen with a series of different 

compound radicals, as Uie following table shows : 

Bolphmmu acid /f -I- SOt- 

Bolphorio acid H— SO9 -j- O. 

Hypoflulphnroas acid H~ ' SOi •■- 8, 

Hypoaolpfaoric acid H'-S0»--80». 

Acid of Langloia H'-SO^'-SO^+S, 

AcidofFordosandGelia . . . H-- 80^-- 80^ + S». 

CWorosulphuric acid If— 80^ - - CI 

Nitroanlphiiric acid H'-SOfNOf 

lodoaalphoric acid H-\' SOz -h ^! 

and, extending these views to the constitution of othei 

acids generally, an acid is defined to be '' a compound of 

hydrogen with a simple or compound radical, in which the 

hydrogen may be replaced by any other metaL" 



LECTURE XLIX. 

Sulphur and Phosphorus. — Sulphureted Hydrogen, — 
Mode of Preparing it, — Its Odor, Acid Relations, and 
other Properties, — Extensively used as a Test, — Occurs 
in Nature, — Relations to the Animal System. — Bisul- 
phureted Hydrogen, — Selenium. — Phosphorus.-— Pr«* 
pared from Bones, — Shines in the Dark.* — Action of 
Light, — CornbustiMlity, — Compounds with Oxygen 

aULPHUKETBD HYDROGEN. HS = XT1% 
Fig. S3L This gas may be easily prepared by the ac* 

^ tion of hot hydrochloric acid on the native 

jL,^^ sulphuret of antimony pulverized, and may 

jS^X be collected over a saturated solution of sak 
M\ \ or warm water. The action of the materials 

AW "^^^ 

mm \^ SbA + 3{HCl),.. = .,.Sb,Ch + S(HS); 
^^^ that is, one atom of the sesquisulphuret of 

antimony and three of hydrochloric acid yield one of the 
sesquichloride of antimony and three of sulphureted hy- 
drogen. 

Sulphureted hydrogen is a colorless and transparent 
gasi having the odor of rotten eggs. It is absorbed by 

Describe the procH«j»s for preparing fulphoreted hydrogen. What aro 

ite diatinotive proi »i ^ 
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water readily, that iiquid taking up two or three '>»*' 
times its volume. Its specific gravity is 1*177. It k 
is combustible, and may readily be burned from a f t 
jet placed in the flask in which it is being evolved, I 
the products of its combustion being sulphurous ^\ 
acid and water ; but if the air in which it is bum- U* 
ed be limited in quantity, water alone is produced ^M 
and sulphur deposited. Its solution in water decom- " 
poses gradually by contact with the air, the hydrogen un 
dergoing oxydation, and the sulphur being set free. It 
has the properties of a weak acid, reddening litmus fee- 
bly, and yields with metallic bases water and sulphurets : 

M0 + ffS. .. = ... HO + MS. 
m^ny of these sulphurets being insoluble and highly col 
ored : antimony gives an orange precipitate ; arsenic and 
cadmium, yellow; lead, brown; and manganese, flesh- 
colored. On this principle, the presence of sulphureted 
hydrogen may be always detected : the carbonate of lead^ 
for example, is blackened; and hence, white punt ex- 
posed in places in which sulphureted hydix>gen is being 
evolved turns dark, and metallic silver tarnishes, and 
finally becomes black. By a pressure of about seventeen 
atmospheres the gas may be liquefied. 

The action of sulphureted hydrogen on metallic bod- 
ies may be illustrated in a very interesting manner by 
writing on a sheet of paper with a solution of acetate of 
lead, the letters being invisible until exposed to a stream 
of this gas, when they turn black. Its action in producing 
precipitates may be shown by conducting a stream of it 
through a solution of tartar emetic, arsenious acid, or 
acetate of lead. 

Sulphureted hvilroiien is sometimes naturally dissolved 
in spring water, constituting the mineral waters of various 
places, as the Virginia Springs. It is also said to be con 
tained in the brackish water of the mouths of large rivers, 
due, perhaps, to the action of the organic matter they 
contain upon the sulphates existing in the. sea. It has 
been thought by some authors that the existence of this 
gas in the air of those places is connected with the fevers 

What are «||||resalta of iti comlrastiont What is the nature of^fae 
precipitates it gives with metallic olddes ? How may this action he il- 
k^ted 7 Is thift gas solohle in water ? What is the probalHe casie of 
its occmrence at th^ months of laiige rivets 1 
T 2 
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Fig.tiX 



which there prevail. Sulphureted hydrogen is exceed- 
ingly poisonous when respired. 

There is another compound of sulphur and hydrogen, 
the constitution of which is not precisely known, though it 
is usually described as bisulphureted hydrogen, and its 
formula is therefore HS^, In its properties it is said to 
have several analogies with the deutoxide of hydrogen. 

SELENIUM. Sc = 39 6. 
This element was discovered by Berzelius in certain 
varieties of pyrites. It is a rare substance, analogous, in 
many respects, to sulphur. It bums in the air, forming an 
oxide which exhales the odor of decaying horseradish. 

PHOSPHORUS. P=15'7. 

A remarkable substance, first discovered by Brandt, and 
now extensively procured from burned bones, in which it 
occurs as a phosphate of lime. It is found, also, in other 
animal products, being an essential ingredient in fibrin 
and albumen, and also in the brain and nervous matter. 

To procure it, burned 
bones are reduced to pow- 
der, and digested with di- 
lute sulphuric acid ; the li- 
quid is strained, mixed with 
powdered charcoal, and, 
when dry, introduced into 
a stone- ware retort, a. Fig. 
223, to the neck of which 
a bent copper tube, b, is at- 
tached, the mouth of which 
dips beneath water. The 
retort being now exposed 
in a furnace to a white heat, 
half the phosphoric acid in 
the mixture is deoxydized 
Dy the charcoal, carbonic oxide gas escaping, and phospho- 
rus distilling over. 

Phosphorus is commonly transparent and colorless. 
When exposed to the light it turns of a deep red, and this 
takes place in a vacuum, or in gases which have no action 
on the phosphorus. In lustre and general ^pearance it 

wnat other compound of salphur and hydrogen is there f What it M- 
leninm? From what source is phosphorus derived? 
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has a waxy aspect. Exposed to the air it smokes, and in 
a dark place shines — a property from which its name is 
derived. During this slow oxydation it exhales an odor 
much resembling that experienced when an electrical ma- 
chine is in high activity. At 32^ it is brittle, at 113^ it 
melts, at 572^ it boils, distilling over unchanged, if oxy* 
gen be absent. But in the air it takes fire and bums at 
about 120<^, with evolution of flakes of anhydrous phos- 
phoric acid. Its specific gravity is i*77. 

From the intense afHnity which phospl orus has for oxy- 
gen, it requires to be kept under the surface of water. 
It is met with in commerce in the form of small sticks, a 
ibrm given to it by melting it in glass tubes under warm 
water, and pushing the resulting cylinders out as soon as 
chey have set. If kept in an opaque bottle it is white, but 
it slowly turns more or less red on exposure to the day- 
light 

From the facility with which it takes fh:e, it is necessary 
to handle it very carefully, and to avoid keeping it in con- 
tact with the warm hand too long. A few particles of 
dry phosphorus placed between two pieces of brown pa- 
per and rubbed with a hard body, take fire and bum fu- 
riously as soon as the papers are sepaz^ted. It is upon 
this principle that it will readily inname by the heat of 
friction, that its useful application in the manufacture, of 
friction matches depends. In chlorine, or the vapor of 
bromine and iodine, it takes fire spontaneously. 

There are several compounds of phosphoms and oxy- 
gen, as follows : 

P3O . . P,0 . . P9O, . . PsO^ 
These are respectively 

** Oxide of phospfaonu. I Phoaphonmg add. 

HypophoBphoroaa acid. | Phoiphoric acid. 

What remarkable property does this bodypossess ? Why iaphosphorua 
to be kept under the sarface of water ? What is the action m light upon 
Itf What oseful application ia made of its ready oombaatibili^ f How 
aujxy oompoav-:^ ot phmpboras and oxygen are ttiere f 
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LECTURE L. 

CoMPOiiflDS OF Phosphorus and Oxtgen. — Oxide of 
Pho9phoru8. — Preparation of, — Hypoplimphoroue and 
Photphorous Adda. — Phosphoric Acid. — Three States 
of Hydration. — Properties of these three Acids.^Their 
Stdts, — Phosphureted Hydrogen. — Spontaneously Li- 
flammable and Non-inflammable Varieties. — Chlorine. 
— Preparation qf. — Its Relations to Combustion and 
Respiration. 

OXIDB OF PHOSPHOBUa P* = 55113. 
Fig, «4. This oxide may be formed by causing 

a stream of oxygen gas, from the tube a, 
Fig. 224, to be directed upon phospho- 
rus under hot water in a glass, b. A 
brilliant combustion under the water is 
the result, with the production of phos- 
phoric acid and of a red powder, which 
is the substance in question. 

HYPOPHOSPHOROUS ACID, P, O =^ 39-413, 

is very little known} it is formed when phosphorus is 
boiled in alkaline solutions. 

PHOSPHOROUS ACm, Pa 0, = 55-439, 
is formed during the slow combustion of phosphorus in the 
air ; it may also be produced by acting on the sesquichlo- 
ride of phosphorus, with water. The solution of this acid 
is sometimes used as a deoxydizing agent. 

PHOSPHORIC ACID. P8 06 = 71-465. 
'^f?*' Anhydrous phosphoric acid is formed 

when phosphorus bums in dry air or ox- 
ygen gas {Fig. 225). It condenses in 
white flakes of a snowy appearance, and 
possesses an intense affinity for water, in 
which, if placed, it hisses like a red-hot 
iron. Xt can scarcely be said to possess 
b ^ acid properties. Until it has united with 
water, thos e properties are very feebly developed. 

How is oxide of phospboras made ? What is its appearance ? How 
are hypophosphorons and phosphoroas acids produced 7 Under what *ir 
camstancss is anhycbx}us phosphoric acid produced 7 
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With water, phosphoric aciduiiiteB in dnee propor 
tions, producing 

Monobasic phMpborid add « . PtOs-^- HO, or HA-P^O^ 
Bibasic " « . . PiOi + 2HO,or2U+P90r 

Tribasic " " . . PjOs + a/rO. or 3^4 P.O.. 

These acids also have the names of metaphosphoric, pyro 

phosphoric, and connnon phosphoric acids respectively 

Either of them may eidst in solution with water. 

Metaphosphoric, or the monobasic phosphoric acid, may 
be obtained by dissolving phosphorus in dilute nitric 
acid, evaporating, and exposhig the residue to a red heat. 
It may also be obtained by dissolving the anhydrous acid 
in water, evaporating and igniting it In both these cases 
a transparent body, like ice or glass, is produced ; hence 
called glacial phosphoric acid. It contains one atom of 
water, which can not be removed from it by heat. 

Monobasic phosphoric acid is characterized by giving 
a vfhite granular precipitate with nitrate of silver ; it also 
coagulates albixmen, pn>ducing white curds. If kept in 
a soliiftion of water, or boiled with it, it passes into the 
tribasic state. 

Pyrophosphoric, or bibasic phosphoric acid, may be 
obtained by heating the common phosphoric acid to 
417^ F. for some time. In solution it neither precipi- 
tates silver nor coagulates albumen, but its salts yield, 
with silver, a flaky white precipitate; Like the former, 
this turns into the tribauc acid oy boiling with water. 

Common, or the tribasic phosphoric acid, may be ob- 
tained from bone earth by the action of oil of vitriol, 
which yields a precipitate of sulphate of lime ; or, mora 
easily, by boiling a solution of the anhydrous phosphoric 
acid. In solution it neither precipitates silver nor coagu- 
lates albumen, but its salts yield a Canary-yellow precip- 
itate with the nitrate of silver. By exposure to a low 
heat it becomes bibasie, and to a red heat, monobasic. 

These hydrogen acids of phosphorus give rise to a 
very extensive and complex class of salts, according to 
the extent to which their hydrogen is replaced by metal- 
lic bodies. Thus, the monobasic phosphoric acid can 
yield only one series of salts, in which all its hydrogen is 

How many compounds does it yield with water 1 How is metaphos- 
phoric acid made ? WTaat is glacial phosphoric acid ? What are tho 
properties characteristic of monobasic, bibasic, and tribasic phosphoric 
acids respectively 1 How many series of salts can each yield ? 
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replaced by a metal ; but the bibasie can yield two differ* 
ent Beries, according as the metal replaces one or both 
atoms of base ; and the tribasic can yield three different 
series, according as one or two or all three of its hydro- 
gen atoms are replaced. 

PHOSPHURBTBD HYDROGEN, P,/r,= 344, 
may be made by boiling phosphorus in a strong solution 
of lime or potash in a retort, a, Fig. 226, the neck of 




o a 



which dips beneath the surface of water, a few drops of 
ether being previously put into the retort. As the bub- 
bles of gas break on the water, they take fire, burning 
with a bnght yellow light, and* there ascends through the 
ah: a ring of gray smoke, which dilates as it rises, and 
exhibits a curious rotatory movement of its parts. This 
gas, also, may be made by bringing the phosphuret of cal- 
cium in contact with water. 

Phosphureted hydrogen is a colorless gas, exhaling a 
peculiar odor, like garlic, and, when burning, produces 
phosphoric acid and water. It exists under two forms : 
Ist. Spontaneously inflammable; 2d. Not spontaneously 
mffammable. It is said that the first may be changed into 
the second by small quantities of the vapor of ether, oil of 
turpentine, &c., and the second into the first by the addi- 
tion of a minute quantity of nitrous acid. 

CHLORINE. C/= 35-47. 

Chlorine is found abundantly in nature in union with so- 
dium, fi^rming common aalt, a substance which, for the 
most part, gives to the sea water its salinity, and consti- 

Describe the prepamtion of pliosphnreted hydrogen. What are the 
properties of phosphureted hydro^^eu ? How may its two forms be con- 
verted into each other'' In what substances does chlorine chiefly occurf 
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tates tho d^>osits of rock salt. It is, therefore, an abund- 
ant Bubstance. 

Chlorine is best made by the action of hydrochloric acir! 
on peroxide of manganese : 

MnO, + 2HCI.. . = , .. MnCl -f 2HO -f CI; 
that is, one atom of peroxide of manganese and two o\ 
hydrochloric aci^ yield one atom of the chloride of man 
ganes'e, two of water, and one of chlorine. Half the chlo- 
rine 1)9, therefore, given off as chlorine gas, and the othei 
half remains as chloride of manganese. 

Chlorine gas being very soluble in cold water, and act- 
ing with great energy on mercury, it can t^g- «7. 
neither be collected at the water nor mercu- 
rial trough ; but, having a specific gravity of 
2*470, we are able to collect it by the meth- 
od of displacement, as shown in F^. 21^7. 
It may, however, also be collected over warm 
water or a saturated solution of common salt. 

When chlorine is required in a state of dryness, it may 
be obtained by an apparatus like that represented in Fig, 
228. a is the retort containing the l^drochloric acid and 



Fig. fas. 



1 Fig. M7. 




manganese. It is connected with a small receiver, o, 
which retains part of the water which the gas may brint; 
over ; this, again, is connected vnth a chloride Of calcium 
tube, c, which effects the perfect drying of the gas: 
Chlorine is a gas of a pale, yellowish green color. It may 

How may it be formed? What are it« propcrtieg? How is it pro- 
£nred in a itate of dryness ? 
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be liquefied by a pressure of four atmospheres. A taper 
immersed in it bums for a few minutes with a dull red 
flame, emitting volumes of smoke, due to the fact t^iat the 
189 hydrogen of the flame continues to bum or unite 
^ with the chlorine, forming hydrochloric acid ; but 

the carbon, having little affinity for chlorine, is 
set free in an uncombined state, as lampblack. 
Powdered antimony, or thin brass leaf, plunged 
in this gas, becomes incandescent, and bums, pro- 
1 ducing a chloride. A piece of phosphorus un- 
mersed in it takes file at common temperatures, 
and bums with a pale flame. The smell of chlo- 
rine is disagreeable, and its effect, even in a diluted state, 
suflbcating. It irritates the air passages of the lungs, 
producing hiccough and an unpleasant expectoration 




LECTURE LI. 

Oblorinb, continued. — Bleaching Properties,-- ComJ^" 
tian of Hydrocarbons. — Disinfecting Qualities.— 'Ck)m>- 
pounds with Oxygen. — Properties of Hypochhrou^^ 
Chlorous^ and CJdaric Adds, — Quadrochloride of Nitro- 
gen, — Hydrochloric Acid, — Preparation in the Gaseous 
and Liquid States, 

The most valuable property of ohloiine is its power of 
discharging vegetable colors, on which is founded its ap- 
plication in the tots of bleaching and calico printing. This 
j^.«30. property may be illustrated in many ways. By 

r^ pouring a solution of litmus or indigo through a 
funnel, a, Fig. 230, into a flask, b, containing chlo- 
rine gas, the decoloration takes place instantly, or, 
ih if the color is not completely discharged, it will be 
found, in a short time, to disappear. The same 
takes, place when a solution of chlorine in water is 
used. 

The peculiarities of chlorine in supporting combustion 
are remarkable, when compared with those of oxygen 

What are its relations in the Combiution of a taper, and how does it act 
oa certain metals and pfaosnhoras? What is its effect on the emmal 
system 7 Of the properties of chlorine, which is the n^os^ valna^Ie ? fLow 
may it he illustrated ? . 
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gas. A piece of paper, Fig, 231," dipped in oil f^^ jjj 
of turpentine, takes fire in a moment at com- 
mon temperatures, when placed in a jar C!^ chlo- 
rine, and, as we have seen, phosphorus and sev- 
eral of the metals undergo spontaneous ignition 
in the same manner. These phenomena depend 
on the intense affinity which cnlorine has for elec- 
tro-positive bodies, but it is very remarkable th&t 
it seems to have littl^ disposition to unite with 
carbon. As in the burning of a taper, so in this exper- 
iment with turpentine, it is rae hydrogen which bums, and 
the carbon is evolved in clouds of smoke. 

Chlorine is also used by physicians for the purpose of 
destroyintg miasmata, and the e^uvia of sick-rooms or oth- 
er places. It is necessary^ from its irpespirable qualities, 
to disengage it Blowly and with caution v^ere patients 
are present. The chlorides of soda and \\ma are eomrnoa- 
ly used. 

Free chlorine may be detected by its smell,* its bleach- 
ing action on indigo solution, and giving a white, curdy 
precipitate with the nitrate of sihr^l^ lu solution in water 
16 readily made by introducing a small quantity of Water 
into a bottle full of chlorine, agitating it, and opening the 
month of the bottle -from time to time under water ; the 
gas being gradually absorbed, the bottle becomes full of 
water, which, of course, contains its own volume of chlo- 
rine. This solution decomposes in the sunshine, evolving 
oxygen gas, the water being decomposed. Willi oxygen 
chlorine unites in several proportions, producing, 

ClO..ClO,..ClOs^.ClO^ 
They are designated 

HypocUoroiui acid. | Chloric acid 

Cuoroxia acid. | PercUoric acid. 

HYPOOHLOROUS ACID. CIO = 43-483. 

Hypochlorous acid may be obtained by agitating the 

red oxide of mercury, suspended in water, with chlorine. 

If *% strong solution of it be placed in an inverted tube, 

and pieces of dry nitrate of lime be added, the gas is dis- 

What ia the caoae of the cloada of smoke deposited when carbuvets of 
hydrogen bum in cblorine gas ? For what purpose is chlorine used by 
physicians ? How may chlorine be detected ? How may a solution of it 
De made ? What compounds of chlorine and oxygen are knotni f Ilotf 
is hypochloroaa acid made, and what are its properti*:.-* '•' 
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engaged, and rises to the top of the tube. It is of a deep- 
er color than chlorine, bleaches powerfuHy, and, by a 
slight elevation of temperature, explodes, evolving two 
volumes of chlorine and one of oxygen gas.. 

The bleaching compounds are compounds of chlorides 
and hyppchlorides. They are easily decomposed by 
acids. Thus, when chloride of Hme is to be used for dis- 
infecting purposes, it is merely required to expose it with 
water to the carbonic acid of the air, or to add a little of 
it, firom time to time, to a vessel containing dilute sulphur- 
ic acid. 

CHLOEOUB ACID, CIO* = fi7-532, 
may be made by cautiously acting on small quantities o£ 
chiimte of potash with sulphuric acid. It is a yellow 
gas, which explodes furiously from very slight causes, the 
warmdi of t^e hand being often aufficient to g^ve rise 
to a violent Miction. It contains two volumes of chlorine 
and four of oxygen, condensed into four volumes. It may 
be conveniently made by operating on a few grains of the 
chlorate in a test tube. If into a glass, a, Fig. 
232, oontaifling water, a small quantity of chlo- 
rate of potash is placed, and upon it a few frag- 
ments of phosphorus, and sulphuric acid be 
poured through a funnel, ^, so as to^ct on the 
chlorate, chlorous acid is set free ; it communi- 
cates a golden yellow color to the water, and 
as each bubble passes by' the ffticyphorus it sets it on fire, 
furnishing a beautiful instance of combustion under water. 

CHLOB.IC ACID, ClOs = 75-535, 

may be made by decomposing the chlorate of baryta by 
sulphuric acid, and evaporating the solution. It is a yel- 
low, viscid acid : a piece of paper dipped in it is set on 
^'J r^ not bleach. It forms salts, one of which, the 
chlorate of potash, is of considerable importance, and is 
used for the preparation of oxygen. A f^ grains of the 
chlorate of potash, ground in a mortftr with a pinch of 
flowers of sulphur, explodes incessantly during fhe W 

PERCHLORIC ACID. C/Or = 91-561. 
Th^perc^^^ ^^^ ^^^^^^ 

nl.YiL** are the properties of chloric acid ? How ins»Z~^ Z '- '* 

phoaphorua under water he p«,dnced l^ it 7 Cw^ircllrirS'cid mSel 
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of potassium wheo one third of its oxygea is expelled 
£rom. chlorate of potash ; the two salts may be separated 
from each other by boiling in water, the perehlorate crys- 
tallizing on cooling. From this perchloric acid may be 
obtained by distillation with an equal weight of oil of vit- 
riol, mixed with half as much water. It may be obtained 
in the form of a white crystalline mass, very deliquescent, 
and its solution is sometimes used as a test for potash, 
with which it gives a sparingly sol^ible salt. The solu- 
tion fumes in the ieiir, has a specific gravity of 1*65, and 
does not possess bleaching properties. 

CHLORmE AND NITROGEN. 
These substances unite^ forming an oily liquid, when a 
warm solution of sal ammoniac is exposed to chlorine gas. 
The resulting body is regarded as a quadrichloride of 
nitrogen {NCI4), By its violent explosions, several emi- 
nent chemists have been seriously injured. The mere 
contact of oily matter produces a detonation. 

CHLORINE AND HYDROGEN. 
HYDROCHLORIC ACID. HCi = 36-47. 
This acid, called also muriatic acid, is easily prepared 
by placing in a flask six parts of common ssdt and ten 
parts by weight of oil of vitriol, mixed with four of water, • 
the mixture being suffered to cool before it is introduced. 
On heating the mixture, hydrochloric acid is evolved, 
which passes along a bent tube into a bottle containing 
six parts (by weight) of water. The end of the tube dips 
but a very short distance beneath the surface of this wa- 
ter, so that if the liquid should rise it may be received 
into a ball blown upon the tube, and the extremity of the 
tube becoming uncovered, atmospheric air may pass into 
the interior of the flask. At the close of the process, the 
liquid in the bottle, which should be constantly surrounded 
by ice water in a small tank, more than doubles its volume, 
and is a pure solution of hydrochloric acid. The action is 
NdCl + 2(H0, SO3). .. = ... Ha + (NaO,HO,2SO^); 
that is, one atom of chloride of sodi^um and two of sul- 
phuric acid yield one atom of hydrochloric acid and one 
of the bisulphate of soda. 

Sow is perchloric acid prepared, and for what purpose is it ogedf 
What are the properties of the chloride of nitrogen 7 How is hydrochlorio 
acid made t 
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From the Kqnid tlras prodaeed> or from the connaerdal 
muriatic acid, by heating in a flask, pure hydrochloric 
acid gas may be obtained ; it may also be less advanta- 
geously procured by the dkeot action of strong oil of vit- 
riol on common salt, the reaction in this case being 
NaCl + HO, SO^... = ...HCl+NaO, SO3. 

Pure hydrochloric acid is a transparent, colorless gas, 
possessing power^l acid qualities, very absorbable by wa- 
ter, which liquid takes up several hundred times its own 
volume of the gas ; it fiimes in moist air, and has a pungent 
>dor. If a dry Florence flask (Fig, 233) be Pig. S33. 
filled with it by the process of displacement, 
and the mouth of it opened under the surface 
of cold water, the water rushes up into the 
flask, absorbing the gas with great violence. { 
The specific gravity of hydrochloric acid is 
1*284. It contains equal volumes of its constituents, uni- 
ted without condensation. 
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Chlorine, continued. — Production of Hydrochloric Add 
by Light, — Action of Hydrochloric Add on Metallic 
Protoxides, — Muriatic Add Solution, — Detection 4ff Hy- 
drochloric Add. — Nitromuriatic Add, — I(»>inb. — Sour- 
ces of, — Preparations and Properties, — Tests for Iodine. 
— Its Action on Starch. — Hydriodic Add* — Oxygen 
Compounds of Iodine. 

PtEE hydrochloric acid gas is also obtained wlien a 
mixture of chlorine and hydrogen, in equal proportions, 
is exposed to the light. In the dark these gases appear 
to have no disposition to unite, but if they be placed in a 
flask covered over with a wire screen, and a beam of the 
sunlight reflected upon them from a looking-glass, a vio- 
lent explosion ensues and hydrochloric acid is formed. 

I have found that, in this remarkable experiment, the 
action is chiefly due to the chlorine, which, from being in 

How may the gas be procured? Wliat are the properties of hydro- 
chloric acid gas ? How mav its affinity for water be proved t VHiat is 
its constitation ? What is the action of sunlig^lit ou a mixture of chlorine 
tnd hydrogen ? To which of these bodies is "this action due ? 
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a passhre, assutnes an active state by exposure to rays of 
an indigo color. It may be thrown into the same condi- 
tion in many other ways ; for example, by the contact of 
spongy platina. Moreover, when chlorine by itself has 
been reposed to tiie snn, it gains the quality of uniting 
mora easily with hydrogen than chlorine which has been 
made and kept in tihe dark. 

When hydrochloric acid is brought in contact with 
metallic oxides, decomposition of both ensues, and metallic 
chlorides are formed, thus : 

MO + Ha ... = .. .MCI + HO. 
or, JWiOa + 3{Ha) ... = ... M^a^ + 3H0,' 
that is, one atom of a metallic protoxide with one atom 
of hydrochloric acid yields one atom of a protochloride of 
the metal and one of water. But, in the case of a sesqui- 
oxide» one atom of it with three of hydrochloric acid 
yield one atom of the metallic sesquichloride and three of 
water. 

The constitution . of hydrochloric acid, and its Fig. 234 
action on metallic oxides, may be strikingly illus- 
trated by taking a flask, b {Fig. 234), filled with 
it, in a perfectly dry state, and allowing the perox- 
ide of mercury, in fine powder, to fall through it. 
The bichloride of mercury, corrosive sublimate, 
instantly forms, and drops of water make their ap- 
pearance on the sides of the flask. 

It is under the form of a solution in wstter, as liquid 
muriatic acid, or spirit of salt, that hydrochloric acid is 
chiefly used. T he mode of obtaining it has been described 
in the last Lecture. This liquid, when concentrated, has 
a specific ^vity of 1-21, and contains 42 per cent, of acid. 
It smokes in the air, and reddens blue litmus powerfully. 
The commercial acid is usually of a yellow color ; it con- 
tains chloride of iron, derived from the iron vessels from 
which it is distilled. It also often contains sulphuric a^cid, 
chlorine, sulphurous acid, tin, or arsenic, and is, therefore, 
best prepared by the process described, which yields it in 
perfect purity. 

Hydrochloric acid may be detected by yielding, when 

What is the action of hydrochloric acid on metallic oxides 1 What aro 
the prodacts of the action of hydrochloric acid on peroxide of mercury? 
What ore the properties of liqoid muriatic acid ? What are its im 
parities 1 

U2 
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^'^ in a free state with ammonia, dense white clouds 

^/ttL of sal ammoniac. If two glasses, one filled 
^E^K with this acid, and the other with amuKmia, be 
^m ^m brought near each other, a white cloud forms be- 

y y tween them. A glass rod, a (Fiff. 236), dipped 
c^ ^D ^^ ammonia may be used for the same ^^.-236. 
purpose. With nitrate of silver hydrochloric '^ 
acid yields a white chloride of silver, which 
turns black. in the light, being the same pre- ^,„=^^ 
cipitate given under the same circumstances ^^^ 
by free chlorine. From this latter substance jT 
it may be distinguished by litmus water, which ^^ 
is bleached by chlorine, and reddened by hydrochloric acid. 
NUromuriatic acid, or aqua regia^ is formed by adding 
to hydrochloric acid one half or a third of its volume of 
nitric acid. The nitric acid, furnishing oxygen to the hy- 
drochloric acid, forms water, and chlorine, with nitrous 
acid, is set free in the solution. Aqua regia is used as a 
solvent for platina and gold, a result which may be illus- 
trated by placing a sheet of gold leaf in the mixture. 

IODINE. J= 126-57. 

Iodine chiefly occurs in the products of the sea, being 
found in sea^weed, sponge, &c. ; also in certain brine 
springs, and in some ores of silver and zinc. 

It may be obtained by lixiviating the ashes of sea-weeds» 
and evaporating the solution until no more crystals are de- 
posited. The residual liquor is then acted upon by sul- 
phuric acid, and subsequently heated with peroxide of 
manganese, in a leaden retort, a be {Fig. 9^7, page 235), 
the iodine distills over into the receivers, d. 

It is a solid substance, of a deep blue or black appear- 
ance, with a semi-metallic lustre, communicates to the 
skin a fugitive yellow stain, and exhales an odor like that 
of sea beaches. It crystallizes in rhomboidal plates, is 
brittle, and has a specific gravity of 4'948. At 225*^ it melts, 
and boils at 347^, exhaling, even at moderate tempera- 
tures, a splendid purple vapor, from which its name is de- 
rived. The specific gravity of this vapor is 8-707 ; it ia» 
therefore, one of the heaviest gaseous bodies known* 

How may hydmchloric acid be detected? What is the preparaticm 
and property of nitroinariatic acid ? Ffom what soarce is iodine procared T 
What is the metliod of its preparation ? Whatis its appearance ? What 
is the color of its vapor 7 From what cincamstance is its name derived T 
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Iodine supports combustion much in the Fig.9SB. 
jBame manner as chlorine. A jar, a (Fig. 238), 
containing a few grains ofit, placed in a small 
sand bath, h, and warmed by a spirit lamp, c, 
may be easily filled with its dense vapor, the ^fj^^^^h 
atmospheric air floating out before it. In this 
vapor if a lighted taper is plunged, it exhibits 

a retarded combustion ; but a piece of phps- 

phonis, introduced on a spoon, takes fire and burns. In 
the same manner^ if a quantity of iodine pig, 339 
be placed in a smaH capsule, and upon it 
a fragment of dry phosphorus {Fig. 239), 
spontaneous ignition ensues, with the ev- 
olution of phosphoric acid, and the vapor 
of iodine, iodide of phosphorus remainmg 
in the capsule. 

In water, iodine is but slightly soluble, j 
that liquid taking up ^^Vo'^ V^^ ^^ ^^ ^»*= 
weight and assuming sl brown color. Alcohol dissolves 
it freely, ibi*ming tincture of iodine. In solutions of the 
iodides iodine may be dissolved. 

With many substances ioditie gives characteristic reac- 
tions. The iodide of potassium, with the acetate of lead. 

What are its relations >as respects combnfttion ? Is it soluble in water 
■nd alcoh'I? 
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yields a golden yellow precipitate ; with the bichloride ol 
mercury, a fine scarlet-colored biniodide. This substance 
possesses the singular quality that, if dried and sublimed 
m a tube, it yields crystals of a brilliant yellow aspect, 
which become red on being simply touched with a hard 
body. Witli a solution of starch free iodine yields a deep 
blue color, the solution becoming colorless if heated, but 
the blue color returning on cooling, provided, the temper- 
ature has not been carried to the boiling point. If a po- 
tato be cut in two, and a little tincture of iodine poured 
on the sur&ce, innumerable blue specks make their ap- 
pearancot each corresponding to the pos^on of a granule 
of starch. Starch and free iodine wiD, therefore, mutuaUy 
detect the presence of each other. 

HYDRIODIO ACID. ffl'=:l»7-57 
Hydriodic acid gas may be obtained by dissolving in a 
solution of iodide of potassium as much iodine as it will 
hold, adding small pieces of phosphorus, and warming the 
mixture. A colorless transparent gas is evolved, which 
fumes in the air, and may be collected over mercury. Its 
specific gravity is 4*384. It has the general relations of 
hydrochloric acid, and, like it, is very soluble in water. 
Fig, S40. A solution of hydriodic acid in water may 

^^"^ be made by passing a stream of sulphureted 
I fi=i hydrogen from a flask, u {Fig. 240), through 
W H^ water, b, in which that substance is suspend- 
a^M H ed. The acid forms and sulphur is deposited : 
" S I+HS... = ...^ + HL 

With nitrate of silver this acid yields a pale yellow pre- 
cipitate, the iodide of silver. This is the substance which 
forms the basis of the remarkable compound used in the 
Daguerreotype. In that case it is formed by holding a 
plate of pure^ polished silver in the vapor of iodine ; the 
plate tarnishes and turns yellow, and, if set in the sun- 
shine, turns promptly of a deep olive black. 

Iodine yields two oxygen acids, iodic {10^) and peri- 
odic acid (JO7). With nitrogen, also, it gives Nl^, char- 
acterized, like the analogous compound ofchlorine, by the 
facility with which it explodes. 

How may it b« detected ? In what manner is hydriodic acid made f 
What i& tlie simplest method of obtaining a solation of it ? What is the 
'precipitate it yields with ni^ate pf silver? What are the oxyt>^eu com' 
mnmds of iodine 7 



Bmoiiiif& 887 



LECTURE LHt 

Bbomins — Fluorine. — Braminc-^Sourcet of.-^Prcper 
ties.^^Compaund9 of. — ^Fluoruw. — Hydrofluoric Acid, 
— lU Properties and Action on 6r2atff.— Carbon^— Ji/o* 
tropic FoTfM- of. — Preparation of wme of those Forms. 
— Diamond.'^Oxygen Compounds of Carbon, — Carbon' 
ie Oxide, 

BROMINB. ^r=: 78-39. 

Brominb occurs in sea water, and also to a more consid- 
erable extent in certain brine springs both in America and 
Europe. From these it may be obtained by evaporating 
the water until the salt solution is concentrated, and after 
the chloride of sodium has crystallized from the liquor, 
passings through it a current of chlorine gas, the solution 
turning yellow as the bromine is set free. It is next agitar 
ted with sulphuric ether, which carries to the surface all 
the bromine. This is then acted on hy potash, which gives 
a mixture of bromate of potash and bromide of potassium. 
On ignition, oxygen is expelled, and the whole converted 
into the latter salt, from which the bromine may be distilled 
by the aid of peroxide of manganese and sulphuric acid. 

It is a liquid of a deep blood-red appearance, solidify- 
ing at — 40 F., and boiling at 113^ F. Its specific gravity 
is 2-99. It exhales an orange vapor, and is commonly 
kept beneath the surface of water. Its smell is very dis 
agreeable, a circumstance from which its name is derived 
Like chlorine, it bleaches, and in all its relations possesses 
a general resemblance to that substance. A lighted taper 
bums for a short time in its vapor widi a greenish flame 
Phosphorus burns spontaneously in it. 

Bromine yields a hydrogen acid (HBr), hydrobromic 
acid, and vrith oxygen, bromic acid (BrOo). In their sen* 
end properties these bodies resemble the corresponding 
compounds of chlorine. The bromide of silver is much 
more sensitive to light than either the chloride or iodide. 

FLUORINE, F= 18-74, 

18 found in combination with calcium, as the fluoride of 

Fiom what an-xuce is bromine obtained ? What are the propertiei of 
bromine, and to wliat bodies has it a close analogy ? 
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calcium, or fluor spar. It occurs also in the topaz and 
other minerals. In the enamel of teeth and in bones it has 
heen detected, especially in fossil bones, which sometimes 
contain as much as ten per cent, of fluoride of calcium. 

The special propeities of fluorine are as yet unknown, 
for it has not been isolated. Various attempts have been 
made at different times, but without -satisKictory results. 
It possesses an intense affinity for electro-positive bodies, 
and gives rise to a series of compounds resembling those 
of chlorine, iodine, &c. It does> not unite with oxygen. 
HYDROFLUORIC ACIp. HF=191i. 

This energetic acid may be obtained by decomposing 
fluoride of calcium by sulphuric acid in a vessel of platina 
or lead, the vapors being conducted into a metallic re- 
ceiver kept at a low temperature. The actioh is 
CaF + HO, /SO, ... = .. . CaO, SO3 -f HF. 

It is a smoking liquic], which acts powerfully on the 
skin, boils at a temperature of a little above 60^ F., and 
possesses the remarkable quality of corroding glass. 

If a piece of glass be coated over with a tjiin film oi 
bees* wax, and letters or other marks made through the 
wax to the glass with a pointed implement^ on setting it 
over a vessel of lead or tin in which, from a mixture of 
fluor spar and sulphuric acid.liydrofluoric acid is escaping 
in vapor, the glass is deeply etched on all those .parts 
which have been uncovered, as is seen when the wax is 
removed. Liquid hydrofluoric acid may be employed 
for the same purpose, but the letters are not so visible as 
when the vapor is used. * , - 

CARBON. C = 604. 

This, which is one of the most interesting and import- 
ant of the elementary bodies, occurs under mapy differ- 
ent natural forms. It is an essential ingredient in the 
atructure of all animal and vegetable beings ; it is found 
in various states in the air, the sea, and the crust c^ the 
earths 

The string peculiarity of carbon, which at once arrests 
our attention, is the different allotropic conditions under 
which it is presented. This substance may be said to yield 

an^^-'^?*pecial properties pf fluorine known ? How is hydrofluoric add 
tnk\r **••!. T^*' remarkable quality does it possess ? From what aonrcei 
y cartoon be proi ured ? What is its most striking property 1 
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in itself a whole group of elementary bodies. Among 
these might be enumerated, (1.) Diamond, which crys- 
tallizes in octahedrons, is transparent, incombustible, ex- 
cept in oxygen gas, and the hardest body known ; hence 
its use in cutting glasTs. (2.) Gas-carbon, which, unlike 
diamond, is a good conductor of electricity, and is opaque. 
(3.) The various forms of charcoal, anthracite coal, and 
coke. (4^) Plumbago, which has a metallic lustre, is 
opaque, and so soft and unctuous that it is used to relieve 
the friction of machinery. (5.) Lampblack, a powerful 
absorbent of light and heat, and possessing such strong 
affinity for oxygen that it can take fire spontaneously in 
the air. 

Other forms of carbon mi^ht be cited; these, however, 
are enough to establish the tact that this single body fur* 
nishes varieties which differ more strikingly from each 
other than many different metallic bodies. 

Charcoal is made by ibe ignition of wood in close ves 
eels, the. Volatile materials being dissipated and the Pigsu, 
carbon lefb. The nature of the process may be il- j f 
lustrated bv taking a slip of wood, b, Fig. 241, "and 
placing its burning extremity in a test tube, a. This 
retards the access of the surrounding air, and, as the 
combustion proceeds, a cylinder of charcoal is left. 
Fig, S48. Lampblack is formed on 

a similar principle. In the 
iron pot, a, Fig, 242, some 
pitch or tar is made to boil, 
a small quantity of air being ad- 
mitted through apertures in the 
brickwork. Impenect combustion 
takes place, the hydrogen alone 
burning, the carbon being carried 
as a dense cloiid of smoke into 
the chamber b c hy the draft 
In this there is a hood, or cone, of 
coarse cloth, d, which may be 
raised or lowered by a pulley. The sides of the chamber 
are covered with leather, and on these the lampblack 
cc^ects. 

Dianioiifl ii the purest form of carbon. Its specific 

M< ntidii fome of its aHotropic forms. How are charcoal and latnpblnclt 
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gravity is 3*5 : it exhibits a hig^ refractive and dispersive 
action upon light. Charcoal possesses, in consequence of 
its porous structure, the quality of absorbing many times 
its own volume of different gases. Ivory black, which is 
made by the ignition of bones in close vessels, has the val- 
uable quality of removing organic coloring matters from 
their solutions : a property which may be shown by filter- 
ing a solution of indigo through it. In all its forms, car- 
bon seems to be infusible, but when burned in air or an 
excess of oxyeen, they all give rise to carbonic acid gas. 
It combines directly with several of the metals, yielding 
carburets. With oxygen it gives two compounds, 

CO ... CO^, 
designated respectively as carbonic oxide and carbonic 
acid. 

CAB30NIC OXIDB, CO == 14-053, 
18 produced when carbon is burned in a limited supply 
of oxygen, or when carbonic acid is passed over red-hot 
iron, or over red-hot catbon. In these cases the actions 
are: 

OOt+C ... t= ...2(CO). 

CO^+Fe ... = ... CO+FeO. 

In the first the carbonic acid unites with one atom of 

ctobon, and yields two of carbonic oxide ; in the second, 

it loses one atom of oxygen to the iron and yields one of 

carbonic oxide. It may also be prepared by heating ox- 

JPV- MS. alic acid with oil of vitriol in a flask, 

/'^f^^\ ^» F^' 243, the decomposition giving 

A I ^«-i^ equal volumes pf carbonie acid and 

^A 4r^\ carbonic oxide, a^ is explained under 

I 1 Hflft \ ^^^^^^ ^^^^' The acid may be sepa- 

||pF iHll Vi rated by passing the mixture through 

a bottle, b, containing potash water, 

and the oxide collected over water. But the best process 

for procuring it is to heat one part of prUssiate of potash 

with ten of oil of vitriol in a retort : the carbonic oxide 

comes over in a state ofpurity. 

As obtained by any of these processes, it is a colorless 
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gas, which may be kept over wafer, iu rtg. Ml 

whi^ it is only sparingly soluble. It 
is without odor, and is irrespirable, A 
jet of it bums in the air with a beauti- 
ful blue flame, combining with oxygen 
and yiielding carbonic acid. Its specific 
gravity is 0*9722 : it has never been 
liquefied. It is the combustion of this 
gas which produces the blue flame oft- 
en seen in a coal fire. Carbonic oxide 
is a compound radical, giving origin to a series of bodiea. 




LECTURE LIV. 

Carbonic Acid. — Methods of Preparation hy Decompott- 
tiqn and Combustion, — General Properties, and Relatum 
to Combustion and Respiration, — Its Solution in Water. 
^-•Exists in the Breath. — Its Liquid and Solid Forms. 
^^Light Carbureted Hydrogen, — Marsh Gas.-^^NcUu- 
ral and Artificial Prodtiction, — defiant Gas, — Action 
unth Chlorine. 

CARBONIC ACID. CCh = 23066. 

Carbonic acid is commonly prepared by the action of 
dilute hydrochloric acid on chalk, or any carbonate of 
lime, the action being 

CaQ, CO^+HCi ... = ... CaCl,HO+C0t; 
that is, one atom of carbonate of lime and Fig. hs. 
one of hydrochloric acid yield one atom of 
chloride of calcium and one of water, and one 
atom of carbonic acid gas is set free. The 
process may be conducted in a flask, as in the 
figure, the gas being evolved so rapidly that 
it may be collected over water^ though that 
liquid absorbs it very freely. 

Carbonic acid is abundantly formed in many process** 
es. It is the result of the complete combustion of carbon- 
aceous bodies, is evolved dunng the respiration of ani- 

What are the properties of this g^ ? How 1^ carbonic acid gas mado f 
IT&der what circmnstances is carbonic aoid formed d(;vring' combaatioKi ? Id 
what other proceiies does it appear? 
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mab, and in aleobolic fermentation. It is the Jioced airci 
the older chemists. 

It is a colorless and transparent gas at common |pn- 
peratures, with a faint smell and slightly acid taste. % is 
irrespirable, and acts in a diluted state as a narcotic pois- 
on ; even air, containing one tenth of its volume of this 
Fig.94». gas, produces a marked effect. Its specific 
gravity is 1-527, and it may, therefore, be 
collected by displacement (Fig. 246). For 
the same reason, it collects in the bottom ot 
I wells and pits, and often suObcates work- 
men who descend into such places. It does 
not support combustion ; a lighted taper lowered into a 
«». HI. j*r partly filled with it is extinguished the mo- 
ment it reaches the gas {Fig.247), It may be 
poured from one vessel to another, and if a jar ot 
It is poured upon the flame of a candle, the light 
is at once extinguished. Its density and oUier 
> qualities may be well illustrated when it is 
I formed by the action of -fuming nitric acid on 
carbonate of ammonia, a smoky cloud marking 
its position and movements. 
Carbonic acid reddens litmus water, but the blue col- 
Pi^H8. oris restored on boiling, the acid Fig.240. 
^ being driven off by the heat It is 
soluble in water, which, under in- 
creased pressure, takes up several 
times its volume of it, constituting 
the soda water of the shops. Its 
solubility may be established by 
agitating it vtrith water in Hope's 
eudiometer. Fig. 248, or by passing it 
through Nootli's soda-water machine, Fi/f. 
249. ^ 

A common test for the presence of car- 
bonic acid in wells is to lower a lighted 
candle, and if its flame be extinguished ^■■^^^..•^ 
-It is inferred that the gas is present-, but it does not fol 
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If, through a tube, tke breaA be m«de to pags into 
lime-water, a deposit of carbonate of lime renders the 
ifHiter milky ; or, if the breath be conducted through lit- 
mus water, the color changes to red ; the air thus expired 
£roni the lungs contains three or four per cent, of carbonic 
acid. 

Under a pressure of thirty-six atmospheres, carbonic aeid 
condenses into a liquid characterized by the extraordinary 
quality that it is four times more expansible by heat than 
even atmospheric, air. This liquid, when allowed to es- 
cape through a jet, evaporates so rapidly, and produces so 
much cold, that a portion of it instantly solidifies. Solid 
carbonic acid is a substance not unlike snow ; mixed with 
alcohol or< ether, it produces a degree of cold equal to 
— ISOoPahr. " ■ ■ 

Although carbonic acid has the name of an acid, it pos 
sesses the properties indicated by that term- in a feeble 
degree. The gas contains its own volume of oxygen. 
The common test for its presence is lime-water, which is 
rendered turbid by it. 

CARBON AND HYDROGEN. 
These substances unite, producing many compounds, 
some of which are solid, some liquid, and others gaseous. 
They are of Course all combustible bodies, and the de- 
scription o£ nearly all of them belongs to organic chem 
istry. 

LIGHT CARBURETED HYDROGEN, CH, ^804, 
occurs abundantly in coal mines, and forms with their 
atmospheric air explosive mixtures ; it is also found dur- 
ing the putrefaction of vegetable matter under w^ter ; 
on stirring the mud of ponds, bubbles of this gais escape; 
hence the name marsh gas. It may be obtained aitificially 
by heating acetate of potash with hydrate of baryta. 

{KG) + {CMzO,) + {BaO, HO) ...:;=... {KO, CO,) -\- 
(BaO^CO^-t^CH^; 

that is, one atom of acetate of potash with one of hy* 
drate of baryta yield one of carbonate of potash, one o^ 
carbonate of baryta, and two of light carbureted hydro- 
How can its e^stence in the breath be proved T WhAt are the proper- 
ties of liquid and solid carbcHUC acid ? 'What is the test for it ] How may 
light carbureted hydrog^en be made 1 Where ia it found naturally J 
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gen gas, the acetic add beine deoompoaed, by the aid ot 
water, into carbonic acid and marsh gas. It ia a <x>lor- 
less gas, bums with a yellow flame, producing lYater wad 
earbonic acid. Its specific gravity is 0*555, forms explo- 
sive mixtures with air, and is the fire damp of coal mines. 
The choke damp, which exists in mines after an explo- 
sion, is carbonic acid gas, orig^ating from the combustion. 
This gas is decomposed by chlorine in the light, but not 
in darkness. 

OLBriANT GAS. C*-^* = 2816. 

defiant gas may be made by heating one part of alco- 

tig.uo. hoi with four of sulphuric acid in 

^l^f^. a flask, a. Fig, 250. The vapor of 

£ A ^^^^ ether which comes over with it may 

K A^^V ^^ removed by causing the gas to 

/ m^ Ipil \ P*^ through a small bottle, h^ con- 

^J ^J^ V^ taining sulphuric acid, before being 

^^ ■" collected at the trough. It may also 

be obtained by an apparatus such as Fig. 251, in which 
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his the flask containing alcohol and sulphuric acid, and a 
an interposed globe to receive the ether, oil of wine, and 
water, which distill over. 

Olefiant gas is transparent and colorless ; bums with a 
beautiful flame {Fig. 252, page 245); forms an explosive 
mixture with oxygen,' giving rise by its combustion to car- 
_ < 

Of what does the expkwtve gu of coal mines consist T How is olefiant 
f^u prepared ? What tre the prodacts ef oombagtioo of oleiUml gas '- 
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bonic acid and water. If mixed with Fig.'m. 

on equal Yolumeof chlorine, the gases 
condenae into ah oily liquid, firom which 
defiant gas hasreceived its name. With 
twice its volume of chlorine, if it be Set 
'on fire, hydtx>chloric acid is formed, and 
carbon is deposited as a dense black 
smoke., 

Olefiant gas also exists as one of the 
chief ingredients in the gas employed 
for illuminating cities. 




LECTURE LV. 

Cyanogen. — Modes of Prepdration. — Liquefaction. — An 
Electro-negative Compound Radical.--^ Bisulphuret of 
Carbon, — Boron. — Boracic Acid. — Terfluoride of Bo- 
ron, — Silicon. — Silicic Add, — Fluoride of Silicon. — 
Compounds of Hydrogen and Nitrogen, — Amidogen.^-^ 
Ammonia. — Ammonium. — Theory tf Berzelius. 
CYANOGEN, Cy . . OE BICAJLBUBET OF NITEOGEN. CaiVi=26-l43. 
Carbon unites with nitrogen, forming a bicarburet, 
when these substances are in the nascent state and in pres- 
ence of a base. It may be obtained very easily by expo- 
sing the cyanide of mercury to heat, or by heating a mix- 
ture of six parts of ferrocyanide of potassium and nine of 
corrosive sublimate. . 

It is a colorless gas, having a peculiar odor. It burns 
with a beautiful pui'ple flame, dissolves readily in water, 
and still more so in alcohol, condenses into a liquid by a 
pressure of 3*6 atmospheres at 45^ Fahrenheit, as may 
be shown by heating wi£h a lamp cyanide of mercury in a 
bent tube, as deen in Fig, 253 ; the tube f^g, $53 
being closed at both ends, liquid cyanogen 
accumulates at the cool extremity. Though 
a compound body, it has all the propeities 
and characters of a powerful electro-nega- jm^ 
tivo element. A farther description of it isf 
and its compounds will be given under organic chemistry. 

What is the action of chlorine on it? From what -has it derived its 
name 1 How is cyanogen made T How may it be oondansed into A liquid f 

X2 
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BlfiULPHURET OF CAttBON, C/S,=3a-28, 
may be made by pasaing the vapor of sulphur over char- 
cosJ ignited in a tube, aiid receiving the product in a cpld 
bottle ; the apparatus is represented in Fig. 254. Into 
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the top of a large iron bottle two tubes, h c, one straight 
and the other bent, are inserted ; the bottle having been 
filled with charcoal, pieces of brimstone ai'e dropped in 
through the tube i, as soon as the bottle is red hot. The 
sulphur and carbon unite. The product passes along the 
tubes c fi cooled by a stream of water from the cock, d^ 
the water being conducted by a string, h, into a basin, re. 
The vapor passes into the bottle, «, which is partially filled 
with ice, and the incondensable gases pass out through m. 
It is a transparent liquid of a very disagreeable odor, has 
the quality of dissolving sulphur and phosphorus, boils at 
108° Fahrenheit, and is therefore very volatile. 

BORON, S = io-9, 
was discovered by Davy as the basis of boracic acid, from 
which it may be set free by potassii^m at a red heat. It 
is an olive-colored solid, which bums when ignited in ox- 
ygen gas or atmospheric air, and produces boracic acid. 

BOBACICAeiD. J50a = 34-939. 

Boracic. acid exists in the waters of the volcanic springs 
of Tuscany. It is also brought from India combined with 
soda, and m6.y be artificially procured by dissolving one 

How is bisolphoret of carbon ibnned? Prom what is boiun derived? 
How ia boracib moid {nrepared? 
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part of borax in four of hot water, and adding half a part 
of sulphuric acid. On cooling, the boracic acid is depos- 
ited in small crystalline scales, which may be purified by 
recrystallization. ' 

Boracic acid melts at a red heat ' Fig.9», 

into a transparent glass. Its crystals ^ 
raised to 212° Fahrenheit, lose half 
their water. It volatilizes readily 
when boiled in water, is soluble in 
alcohol, the solution burning with a 
green flame. The experiment may 
be made in a glass instrument like Fig, 255, a b c. It is 
a very feeble acid, and even turns yellow turmeric brown, 
like an alkali. 

TEttFLUORIDE OF BORON, BF^ = 66-94. 
is formed, when a mixture of fluor spar, boracic acid, and 
oil of vitriol is heated in a flask. It is decomposed by 
water, by which it is rapidly absorbed. In damp air it 
forms white fumes. 

SILICON. jSft = 23-18. 

Tliis element may be prepared by igniting the silico* 
fluoride of potassium with potassium, Fig. 256. 

acting upon the resulting substance 
with water, which removes the fluor- 
ide of potassium, and leaves the sili- 
con as a nut-brown powder. 

It exhibits two allotropic states. 
Prepared as first described, it takea 
fire and bums when heated in atmos- 
pheric air ; but if previously ignited 
m close vessels, it shrinks in volume, 
and, passing into its other state, becomes incombustible m 
oxygen gas. 

SILiCIC ACID. iS^iOa = 46-219. 

Silicic acid is one of the tfiost abundant bodies in na- 
ture, existing under the innumerable forms of the quartz 
minerals, sands, and sandstones. Rock crystal and flint 
are pure silicic acid. 

It may be obtained in a more convenient form by fusing 

What is. the eolor it commanicates to flame ? How may silioon be pre- 
pared ? In what respect docs it differ after ignition 1 A^hat is the oofr 
•titiitioQ of silicic acid, and how may it be prepared 7 
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white sand with four parts of carbonate of potash, dissolv- 
ing the resulting silicate in water, and decomposing the 
solution with hydrochloric acid. The silicic acid sepa- 
rates as a gelatinous hydrate, slightly soluble in water, 
which, when washed and dried, yields a white powder 
absolutely insoluble in water. There is reason to be- 
lieve that the silicon exists in its different allotropic states 
in these two forms of silicic acid. 

Silica is a gritty substance, sufficiently hard to scratch 
glass. Its specific gravity is 2*66. It combines with the 
alkalies in excess to form glass. It requires a high tem- 
perature for fusion. Hydrofluoric acid is tlie only acid 
which dissolves it. 

FLUORIDB OF 8ILIC0K, firiF, = 78-22, 
may be obtained, as just stated, by dissolving silica in hy- 
drofluoric acid, or by heating 
a mixture of fluor spar and 
sand with sulphuric acid. It 
is colorless ; fumes in the 
air ; its specific gravity is 
3-66. Transmitted from the 
flask which generates it, a, 
Fig. 257, through water, it 
is decomposed, hydrated sil- 
ica being deposited. To pre- 
vent the tube which delivers 
the gas being stopped up by 
the silica, some quicksilver, 
e, may be put in the vessel, 
d, and the tube dipped into 
it, so that the bubbles of gas 
may not come in contact with the water until they have 
reached the surface of the metal ; the sulphuric acid may 
be introduced through the funnel, /. In the water, hydro- 
fluosilicic acid forms, which is sometimes used as a test 
for potash. 

Nitrogen and Hydrogen yield three compounds ; 

they are designated respectively by the names 




What are ita properties ? When the fluoride of silicon is passed throagh 
water, what are the products 7 How many compounds of nitrogen and 
hydrogen are admitted 7 
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Amidogen. 
Ammonia. 
Ammonitim. 
AMIDOOBN. JVifi = 16-lf . 
Amidogeii is a hypothetical compound radical, the ex- 
istence of which, in several compounds, is inferred. On 
heating potassium in ammoniacal gas, one third of the hy- 
drogen IS set free, and an olive substance remains, the 
amidide of potassium. This, in contact with water, yields 
potash and ammonia. 

K, NHi -f ilO ... = ... jBCO + NH^. 
Amidogen is an electro-negative compound radical like 
cyanogen. 

AMMONIA. NHt=^ 1719. 

This substance, called also volatile alkali^ from its 
properties, is an abundant product of the putrefaction of 
animal matters, and maybe obtained by the destructive 
distillation of horn ; hence the term, spirit of hartshorn : 
it also exists in the air, and is a common product of many 
chemical reactions. 

It may be obtained by heating in a flask. Fig. sss. 
a, Fign 258, equal quantities of slacked 
lime and muriate of ammonia, ;and, as its 
specific gravity is only 0*590, it may be col- 
lected, as in the cut, in a flask or jar, &, 
with the mouth downward, by displacing 
the heavier air. The action is, * 

(NH;, + HCl) + {CaO, HO) ...?=, 
CaCl + 2H0 + NH^ 

It is a transparent and colorless gas, of excessive pun- 
gency, and having all the qualities of a strong alkali. It 
turns turmeric paper brown, is absorbed with wonderful 
rapidity by water, which, at 32° F., takes up 780 times 
its volume of the gas, a result which may be illustrated 
by inverting a flask full of it in some cold water, when the 
water rushes up with sufiicient violence to destroy the 
flask very frequently. Ammonia neutralizes the strongest 
acids, as may l)e shown by dropping it into litmus water 
which has been reddened by sulphuric or nitric acid. 

What is amidogen? From what sabstances may ammonia be pro> 
cared ? What is its speciilo sravitv ? What class of bodies does it doselY 
rajiemblc ? How may its affinity for water be illustrated 7 How does it 
act on reddened litmus water? 
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It is compoAed of three Tolumes of hydro- 
gen with one of nitrogen, condensed into two 
Yolumefl. It may be recognized by its re- 

fmarkable odor, and by the formation of white 
clouds when a rod, a» Fig, 259, dipped in 
muriatic acid, is approached to it. It con- 
denses into a liquia at 60° under a pressure 
of 6*5 atmospheres. 

Its solution in water, known as aqua ammonise, is pre- 
pared by passing the gas evolved from slacked lime and 
sal ammoniac through Wolfe's bottles^ as is represented 
in Fig. 260 ; the water will take it up until its specific 
Rff. teo. 




gravity is lowered to 0-872 ; it then contains 32^ per 
cent, of gas. This solutton, somewhat diluted, is much 
used by chemists for neutralizing and precipitating. It 
also affords the best meatis of obtaining ammonia, mere- 
ly requiring to be warmed in a flask^ when jiie gas read- 
ily comes off. 

AMMONIUM, ^« = iV/f* = 18-19, 
is a hypothetical body, and believed to be of a metallic 
nature ; its symbol is, therefore, Am, It may be combined 
with mercury by decomposing a solution of an ammoni- 
acal sak by a Voltaic current, the negative pole being in 
contact with a globule of that metal, or by putting an 

What is its coustitution T How may it be detected? By what pro- 
cess is aqua ammoniae made ? What is the nature of ammonium ? &i 
what state may it be obtained ? 
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amalgam of potassium and mercury in water of ammonia. 
Under these circumstances, the mercury swells, and event- 
ually becomes of a soft consistency like butter, preserving 
its metallic aspect completely. All attempts to separate 
the. ammonium from this amQlgam have failed. It decom- 
poses into NH^ and //. 

It is now generally agreed by chemists that ammonium 
is the basis of the salts of ammonia. Thus, sal ammoniac, 
called also the muriate of ammonia, is NH^ + HCl; but 
this is evidently the same as NH^ + CI, that is, the chlo- 
ride of ammonium. In all cases where ammonia forms 
neutral salts with the so-called oxygen acids, it requires an 
atom of water, but this water evidently gives it the con- 
stitution, not of iVH, -f- HO, but NH^ -f O / the water, 
therefore, makes it oxide of ammonium, which will unite 
with sulphuric, or nitric, or any other acid, precisely after 
the manner of any otlier metallic oxide. Moreover, the 
compounds of ammonia with this atom of water are iso- 
morphous with the compounds of the oxide of potassium. 
From these facts, therefore, we see that when sulphuric 
acid unites with ammonia, the atom of water which th<^ 
ucid contains gives to the salt the constitution 

NH^, O + 80^, or NH^ + SO^, or Am + SO,, 
the latter formula being analogous to Am -f CI, the chlo- 
ride of ammonium or sal ammoniac. This view of the na- 
ture of i.he ammonia compounds is known under the name 
of the ammonium theory of Berzelius. 

Of the compounds of ammonium with other bodies, the 
protosulphuret, iV/T,, S, may be mentioned under the 
name of hydrosulphuret of ammonia. It is much used as 
a test. There are also other sulphurets. 

How can it be shown that it is the base of the ammonia i alti t Whiit 
Is meant by the ammonium theory of Berzelius f 
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LECTURE LVL 

General Properties op the MeI-als. — Definition of a 
Metal— Color, Specific Gravity, Hardness, Tenacity, 
and other Properties. — Relations to Heat. — Compounds 
with other Bodies,— Division into Groups. — The Oxides 
and their Reduction.- The Svlphurets and their Reduc- 
tion. 

Of the-elementary bodies, by far the larger portion are 
metallic. By a metal we mean .a body which possesses 
that peculiar manner of reflecting light which is known 
under the designation of metallic lustre. It is also a good 
condactor of electricity and heat. Of these there are at 
least forty-two, and probably forty-five, three baying been 
recently discovered. j./r 

Most of the metals are of a white color, but they differ 
from each other by slight shades, some havipg a faint blue 
and others a pinkish tint. There are three which are strik- 
ingly colorecL; gold, which is yellow, and copper and ti- 
tanium, which are red. In specific gravity they differ ex- 
ceedingly; potassium is so light as to float upon watdr, 
and iridium is twenty-one times as heavy as that liquid. 

Many of the metals are malleable, that is, can be ex- 
tended into thin sheets under the blows of a hammer; 
others are so brittle that they may be reduced to powder 
in a mortar ; some of them are ductile, and may be 
drawn into fine wires, the order for malleability not being 
the same as that for ductility^ Thus, iron may be drawn 
into fine wire, but can not be beaten out into such thin 
sheets as many other metals. . Of all metal^ gold is the 
most malleable, and platina has been drawn into the finest 



What is the definition of a metal? How many metala are there f 
What is their color commonly? Which three are the colored metalal 
Of the metals, which is the Ughtest, the heaviest, the most malleable, the 
softest, the hardest, the most fosible, and the most volatile ? 
353 
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in hardn^sB the metals differ mucb. Potassium is so 
soil that it may be moulded by the fingers, but iridium is 
> among the hardest bodies known. In tenacity or strength 
the same differences are seen : of all metals iron is the 
most tenacious. The same metal differs very much in 
this respect at different temperatures. 

-In their relations to heat, well-marked distinctions also 
may be traced. Mercury at all ordinary temperatures is 
in a melted condition ; but platina can only be fused be- 
fore the oxyhydrogen blow-pipe. As respects volatility, 
mercury, cadmium, potassium, sodium, zinc, arsenic, and 
tellurium, may be distilled or sublimed at a red heat. 

The metals unite with electrO-negative bodies, and with 
each other. In decomposition by the Voltaic battery, they 
pass to the negative pole, and are, therefore, described as 
electro-positive bodies. Their compounds with oxygen, 
chlorine, &;o., pass under the names of oxides, chlorides, 
&c.; their compounds with each other under the name of 
alloys, or, if mercury be present, of amalgams. They also 
unite with sulphur, phosphorus, and carbon. 

Chemical writers usually divide the metals into n*oup8 
founded upon their relations with oxygen gas. The fol- 
lowing simple division is the one I adopt : 1st. Metals 
which decompose water at conomon temperatures ; 2d. 
Metals which can not decompose water at common tem- 
peratures, but do it at a red heat ; 3d. Metals which can- 
not decompose water at all. 
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Cerium. 


Titaniun. 


PotasBiom. 


Manganese. 


Anenic. 


SodinzxL 


Iron. 


Antimony. 


Lithium. 


Nickel 


TeUuriun. 


Bariom. 


Cobalt. 


Uranium. 


Strontium. 


Zinc. 


E^ST- 


Calciom. 


Cadmium. 


MagneBinm. 


Tin. 


Bismuth. 

Silver. 


adGwnp. 


3d Groap. 


Mercury. 
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Chromium. 


Gold. 




Vanadium. 


Palladium. 


Thorium. 


Tungsten. 


Platinum. 


jL ttnom. 


Molybdenum. 


Rhodium. 


Zirooniom. 


Osmium. 


Iridium. 




Columbium. 




The older chemists 


divided the metal 


s into four claas- 


es : 1st. Alkaline, sucl 


1 as potassium. 


2d. Earthy, such 



With ^hat other substances do they imite 7 Into what groups may 
tfaev be divided f What is the division fnrmerly in use? 
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M magnasiam. ZAi Imperfect, as zinc 4di. Noble, t» 
gold, 

THE METALLIC OXIDES. 

Metallic substances unite with oxygen witb different de- 
grees of intensity, and in very different proportions, many 
of them giving rise to a complete series of oxides, and 
producing, 1st. Basic oxides. 2d. Neutral or indifferent 
oxides. 3d. Metallic acids. 

Ist. The basic oxides are commonly protoitides or ses* 
quioxides/ which form neutral salts with hydrogen acids, 
with the production of water. To form such salts, for 
every atom of oxygen in the base there is required one 
atom of acid. A basic protoxide, therefore, requires one 
atom of acid, a sesquioxide three, and a deutoxide two, 
to form a neutral salt. 

2d. The neutral, or indifferent, oxides contain more 
oxygen than the base, and, when heated with acids, gijre 
off that oxygen, a basic oxide resulting. 

3d. The metallic acids always contain more oxygen ; 
they may be sesquioxides, deutoxides, teroxides, or quadr- 
oxide^, and are commonly formed by deflagrating the 
metal with nitrate of potash. 

BEDUCTION OF THE METALLIC OXIDES. 

Some of the oxides, such as those of mercuiy, silver, 
and gold, may be reduced by heat alone ; but the great- 
er number require the conjoint action^of carbon, which, 
at a high temperature, decomposes them with evolution of 
carbonic oxide. Among powerful reducing agents may 
be mentioned the formiates and the cyanide of potassium, 
the former acting through the aflSnity of carbonic oxide 
for oxygen, and the latter through the affinity of carbon 
ahd potassium conjointly. The deoxydation of metals may 
also be accomplished by. reducing agents, such as phos- 
phorous and sulphurous acids, or by the action of other 
metals ; iron, for instance, will precipitate metallic copper 
from its solutions. 

The Voltaic current affords a powerful means of ef- 
fecting the reduction of metals in philosophical investiga- 
tions ; by its aid the alkaline metab were originally ob- 
tained. The electrotype, already described, is sm exam- 

WhatsnbttaBces do metals yield with oxygen f How ar« toetaUit; acids 
ccunmontv made ? - By what ptooene* may metallic coddea Be rediiced f 
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pie of its action ; even solutions of metaltio salts are 
readily decomposed by it. Thus, if a F^, %l 

glass jar, T, Fig, 361, be divided into 
halves, and a paper diaphragm be in- 
troduced between them, the halves being q» 
tightly pressed together by the ring B B, 
if the jar be filled with any metallic so- 
lution, such as the sulphate of soda, and i 
the positive and negative wires of the 
battery dipped in the opposite compartmenls^ after a time 
the metallic oxide will be found in one of diem and the 
acid in the other, a total decomposition having taken place. 

THE METALLIC SUL^HUUBTS. 

Many of these, such as the sulphurets of iron, lead, and 
copper, are found abundantly in nature; or they may be 
msude artificially by heating Xhe metal with sulphur, or by 
deoxydizing metallic sulphates by char<^al or hydrogen 
gas, which converts them into sulphurets ; or by the ac- 
tion of sulphureted hydrogen on their oxides, which yields 
a metallic sulphuret and water. From their solutions 
under these circumstances, iron, manganese, zinb, cobalt, 
and nickel can not be precipitated, though they may by 
hydrosulphuret of ammonia. 

The sulphurets of a metal are usually equal in num- 
ber, and siniilar in constitution to its oxides; and as ox- 
ygen compounds tmite with each other to produce oxygen 
salts, the sulphurets, in like manner, also unite with each 
other to produce sulphur salts. 

REDUCTION OF THE SULPHURETS. 
The metallic sulphuiets may often be reduced by melt- 
ing them with another metal having a more powerful af- 
finity fof sulphur ; thus, iron filings will decompose sul- 
phuret of antimony, sulphuret of iron forming, and anti- 
mony being set free. On the large scale, however, a 
different process is resorted to ; the sulphuret, by roast- 
ing, is converted into a sulphate, much of the sulphur 
being expelled during the process as sulphurous or sul- 
phuric acid. The resulting sulphate is then acted upon 

By what processes may metallic sulphurets be obtained ? What metals 
can not be precipitated by sulphureted hydrogen? What relation exists 
between the sulpjtiurets and oxides? - How are the sulphurets reduced 1 
What ia^e process on the large scale I 
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by lime aad carbon at a high temperature ; the lime de- 
composes the sulphate, setting free the metallic oxide, 
which 18 at once reduced by the carbon, the sulphate of 
lime turning siifiultaneously into the sulphuret of calci- 
um, which noats on the suitace of the metal as a slag. 

The metals also unite with chlorine, iodine, bromine, 
carbon, phosphorus, &c., and some with hydrogen and 
nitrogen. These compounds will be described in theii 
proper places. 



LECTURE LVIL 

Potassium. — Discovery ofy and FroptrtUt. — Rdaticns to 
Oxygen and Water. — Its Oxides. — Caustic PatasA. — 
Tests Jhr Potash. — Haloid Compounds of Potassiufn. — 
Salts of the Protoxide, the Carh&nate, Nitrate^ Chlorate, 

POTASSIUM. Ii: = 3915. 
'Potassium was first obtained by Sir H. Davy, who de- 
composed its hydrated oxide (potash) by ja Voltaic car- 
rent. From the positive pole oxygen gas escaped in bub- 
bles, and metallic potassium in globules appeared at the 
negative. 

It was subsequently discovered that the same sub- 
stance could be decomposed by iron, and also by carbon 
at a high temperature ; and the latter of these substances 
is now exclusively resorted to fi?r the preparation of po- 
tassium. The carbonate of potash is ignited with char- 
coal in an iron bottle, and the potassium received into a 
vessel containing naphtha. The productiveness of the op- 
eration is ^atly interfered with by the circumstance 
that the carbonic oxide which is evolved, as it cools be- 
low a red heat, unites with much of the potassium, puo- 

ducmg a gray substance, which chokes the tubes ^d 

dnnmifihes the yield of the metal. 
Potassium la a bluish white metal, which, at 320 F^ is 

brittle, melts at 150o p., ^nd boils at a red heat, yielding 

a gi-een vapor. -Its specific gravity is -865 ; it is, thero- 
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€bre, much lighter than water, on the aurface of which it 
floats. At 70^ F. it may be moulded by the fingerB, be- 
ing soft and pasty. 

It possesses ah intense affinity for oxygen, F^.86t. 
and hence requires to be preserved in bot- 
tles containing naphtha. A piece of it thrown 
upon water takes fire, and bums with abeaa- 
ti&l pink flame. In the air it speedily tar- 
nishes, and, even when brought in contact. 
with ice, it decomposes it with the evolution of flame. In 
these cases the combustion arises from the hydrogen unit- 
ing with the oxygen of the air and reproducing water; 
the potassium simultaneously burns, 

POTASSIUM AND OXYGEN. 

There are two oxides of potassium, a protoxide and a 
peroxide, 

. KO...KO,. 
The affinity of potassium for oxygen is so great that it takes 
that substance irom almost all other bodies, and hence is 
used as a powerful deoxydizing agent. 

Protoxide of Fotasdum. KO = 47-163. 
This substance can only be formed by the action of po- 
tassium on dry air or oxygen. It possesses a great affin* 
ity for water, and is converted by it into the hydrated ox- 
ide of potassium, commonly called caustic potash. 

Hydrated Oxide of Potassium. KO, HO ^ 56-176. 

This substance is best procured by boiling two parts o£ 
pure carbonate of potash with twenty of water, and hav- 
ing previously slacked one part of quicklime with hot wa- 
ter, the cream which it forms is to be added by degrees, 
and the whole boiled. The j)rocess should be conducted 
in an iron vessel to which a lid caii be adapted, so as to 
exclude the air during, cooling ; the resulting carbonate 
of lime settles perfectly, and the hydrate may be obtained 
by evaporating the solution rapidly in a silver vessel, pour- 
ing out the melted residue on a silver plate, or casting it 
into the form of small cylinders. 

The decomposition which takes place in the foregoing 
process is simple, 

How masly oxides does it farm 1 How is the hydrated oxide, or caustiQ 
potash, obtamed 1 Whtft i* tiie natare of the decompositioa 7 



80 OXtDBB OP POTASSIUM. 

KO, CO^ 4 CaO, flO... = .. . CaO, CO^ + KO,H0; 

that is, the lime takes carbonic ackl from the carboDate of 
potash, and the oxide of potassium unites with water. The 
solution may be known to be free from carbonic acid by 
not eServescing when mixed with stronger acids. 

The hydrate of potash is a white solid, having a power- 
ful affinity for water, and abstracting it rapidly &om the 
air.^ Tstken between the fingers, it communicates to the 
skin a soft feel, atid, if a concentrated solution be used, 
soon effects a disorganization ; hence it is used by sur- 
geons in the form of small sticks as an escharotic. It 
possesses pre-eminently the alkaline qualities, and, indeed, 
may be taken as the type of that class of bodies, neutral- 
izes the most powerful acids perfectly, and comoiunicates 
to tunneric paper, or turmeric solution, a brawn tint. It 
turns the infusiou of rea cabbage green, and, possessing 
an intense affittity for carbonic acid, is used in organic 
analysis to absorb that gas. ^ 

Potash in combination occurs in all fertile soiU, and is 
essential to xhe growth of land plants, from the ashes of 
which its carbonate is abundantly procured. This may be 
shown by filtering water through the ashes of wood, when 
the clear liquid will be found to ansWer to all the tests in- 
dicating the presence of potash. It occurs also abundant- 
ly in feldspar, and hence is found in clays. The want ok 
fertility in soils appears occsisionally to be due to the ab- 
sence of this body. 

The bichloride of platinum gives, with a solution of 
potash, a yellow precipitate of the chloride of platinum 
and potassium. When the amount of potash is small, it 
is well to add alcohol at first, in which the double chlo- 
ride is insoluble. Ammonia yields a similar precipitate ; 
but this may be avoided by exposing the substance, in the' 
first instance, to a red heat before testing. Perchloric acid, 
with alcohol, yields a white precipitate. Tartaric acid, 
if added in excess, and the mixture stirred with a glass 
rod, bearing gently on the sides of the vessel, gives white 
streaks of the bitartrate of potash wherever the tod has 
passed over the glass. 

Of what properties is the hydrate of potash possessed, and what are iti 
wes ? How may the exiBtence of potash inthe ashes of plants be proved 9 
What are tlie teats for the presence of this «nh<itftncp t 
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Of Other compounds of potassium, the following may be 

inentioiied : 

Peroxide of potassium, KOi. [ Bromide of potassium, KBr. 
Ctiloride of potassiam, KCL A Profioffolphurec of potasaium, Kti, 
Iodide of potassiuzi, KI. \ Pentasaiphoret of potassiom, K8&. 

It also combines witli hydrogen in two proportions, pro- 
ducing a solid and a gas, the lat-ter of which takes fire 
spontaneously in the air. 

Qf these compounds, the most important are the per- 
oxide of potassium, which is formed by passing oxygen 
over red-hot potash ; it is decomposed by water, evolving 
oxygen and producing potash ; the chloride of potassium, 
which is analogous to common salt ; the iodide, much of 
which is consumed in medicine, under the name of hy« 
driodate of potash. It may be prepared by dissolving 
iodine in a solution of potash, till the liquid begins to ap- 
pear brown, then evaporatiqg to dryness, luid igniting the 
residue : oxygen is evolved, and iodide of potassium re- 
mains; it may be then dissolved in water, and crystal- 
lized. It is white, crystallizes in cubes, and is very sol- 
uble in water and hot alcohol. Its solution will dissolve 
large quantities of iodine. The pentasulphuret is the chief 
ingredient of liver of sulphur* which is formed by fusing 
sulphur with carbonate of potash at a lovy^ temperature. 

SALTS OP THE PROTOXIDE OF POTASSIUM. 

Carbonate of Potash is obtained by lixiviating the ashes 
of plants. In an impure state it forms the potashes and 
pearlashes of commerce. It may be obtained pure by ig- 
niting the bitartrate vsrith half its weight of the nitrate of 
potash. It has an alkaline taste, its solution feels greasy 
to the fingers, it is very soluble in water, and deliquescent. 

Bicarbonate of Potash, formed by transmitting a stream 
of carbonic acid through a solution of the former salt. It 
crystallizes in eight-sided prisms with dihedral summits. 

Sulphate of Potash^ formed by neutralizing the follow- 
ing salt. Crystallizes in anhydrous, oblique, four-sided 
prisms, soluble in about ten times its weight of water. 

Sulphate of Potash and Water , sometimes designated 
as the bisulphate of potash ; it is the residue of the produc- 
tion of nitric acid. It is soluble in water, and has an acid 
reaction. It crystallizes in rhombohedrons. 

Name some of its other compounds. What are the propertiei of Um 
iodide 7 From what is the carbonate ofat^ned % 
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Nitrate of Pi^toih is extracted on the large seale from 
certain soils in which organic matter is decaying in con- 
tact with potash. It crystallizes in six-sided prisms, fuses 
at a heat oeneath redness, with evolution of oxygen gas. 
It is soluble in about three times its weight of water, at 
common temperatures. This salt enters as an essential 
ingredient in gunpowder, which is composed of about one 
atom of nitrate of potash, one of sulphur, and three of 
carbon. The sulphur of this mixture accelerates the com- 
bustion, while the oxygen of the nitre forms carbonic acid 
with the charcoal. The products, therefore, or the per- 
fect combustion of gunpowder are carbonic acid, nitrogen, 
and the sulphuret of potassium. It commonly happens, 
however, that sulphate of potash is formed. The pro- 
portions of the ingredients of gunpowder are varied for 
different uses. The powder used for mining, for exam- 
ple, contains more sulphur than that' used for firearms. 

Chlorate of Potash. — When a stream of chlorine is 
passed into a solution of potash, the chloride of potassium 
and the chlorate of potash result; the latter is deposited 
in fiat, scaly crystals. 

The chlorate of potash contains no water ; it dissolves 
in about fifteen times its weight of that fluid ; melts at a 
red heat, with evolution of pure oxygen J deflag^rates with 
combustible bodies, sometimes with much violence. 



LECTURE LVIII. 

Sodium. — Preparation of — Relation to Oxygen and Wa- 
ter, — Color communicated to Flame.- — Its Oxides^ — T%e 
Hydrated Oxide. — Tests for Sodium. — Haloid Com- 
pounds. — Common Salt. — Salts of the Protoxides, Car* 
honates. Sulphates, Nitrates, ifc. Lithium. — Barium. 
— Its Oxides. — Haloid Compounds. — -Salts i^ the Pro- 
toxide. 

SODIUM. Aa = 28-3. 

Sodium may be obtained by the same process as potas- 
sium, but is best procured by igniting the calcined acetate 
of soda with powdered charcoal in an iron bottle ; and, a^ 

Wliat \a the origin aad ose of the nitrate \ How ia the chlorate made t 
How is todinm obtained, and what are its uses t 
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the 6odmni does not act upon caarbonic oxide» the oper»» 
tion is much more productive than in the case of the oth* 
er metal. Like potassium, it is to be kept in . ottles un- 
der the siuface of naphtjia. 

In color, sodium resembles silver ; its specific gravity is 
j*934S; it therefore floats upon water. It melts at 194^ 
F.. and is more volatile than potassium. Thrown upon 
water, it decomposes it with a hissing sound, and with the 
evolution of hydrogen, but no flame appears. If, howev 
er, the water is hot, then a beautiful yellow flame, char 
acteristic of sodium and its compounds, is the result. 
SODIUM AND OXYGEN. 

With oxygen sodium forms three compounds : the sub- 
oxide, protoxide, and peroxide. 

Protoxide of Sodium. NaO ;= 31*313. 

This, like the corresponding potassium compound* is 

produced by oxydizing sodium in dry air. It is a white 

powder, which attracts moisture from the air and forms the 

hydrated oxide of sodium, commonly called caustic soda. 

Hydrated Oxide of Sodium, NaO -{- ffO = 40-323, 
or caustic soda, may be made by the same process as that 
given for caustic potash, by using carbonate of soda, and, 
when the resulting carbonate of lime has settled, evapo- 
rating the liquid. The best proportions are one part of 
quicklime to five of carbonate of soda in crystals. 

Caustic soda resembles caustic potash in ciost of its 
properties. It is deliquescent, has a strong affinity for 
carbonic acid, and acts upon animal tissues as an escha- 
rotic Its salts are generally more soluble than the pot- 
ash ssdts, and on this are founded 1;he methods recom- 
mended for distinguishing the latter compouhds from it. 
Moreover, the soda compounds communicate to the flame 
of alcohol, or to the blow-pipe flame, a yellow color : the 
same tint which is characteristically seen when sodium 
Is placed Hk hot water. 

Chloride of Sodium. Na CI = 58-77. 
The chloride of sodium, common salt, is obtained abund- 
antly from the waters of the sea, to which it gives their 

What are its properties compared with potassium 7 What oompounds 
with oxygen does it give ? How is canstic soda obtained 7 What are iti 
{ncopertias and uses 7 What color do the aodinm compoands give to flame ? 
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tj^inity. It is also foond as rock salt, depoeked exten- 
sivfily in certain geological formalioDB. . 

Common salt is the gcvieral type of that extensive class 
of compounds which have derived the nsune of salt bodies 
from it. It crystallizes in cubes, and, when in noass, is 
c^n perfectly transparent, and permits the passage of 
heat of every temperature through it freely. It meha into 
a liquid at a red heat, crystallizes in cubes, and is not 
more soluble in hot than cold water. It is extensively 
used in the preparation of hydrochloric acid and chlo- 
rine ; immense quantities, also, are annually consumed in 
the preparation of carbonate of soda, which is made by 
first acting on the common salt with oil of vitriol, so as to 
turn it into sulphate of soda, and igniting this with char- 
coal and carbonate of lime : an impure carbonate of soda 
is the result, known under the name of black ash, or Brit- 
ish barilla. Common salt is extensively used for the 
euring of meat. It is also an essential article of food, 
being decomposed in the animal system, and fnmishing 
hydrochloric acid to the gastric juice and soda to the bile. 

The compounds of sodium with bromine, iodine, sul- 
phur, &c., are not of interest. 

SALTS OF THB FBOTOXID^ Ot SODIUM. 
Carbonate of Soda is sometimes obtained by lixiviating 
the ashes of sea-weeds. Large quantities are also pro- 
cured from the decomposition of sulphate of soda by saw- 
dust and lime at a high temperature, the carbonaceous 
matter decomposing the sulphuric acid ^nd generating 
carbonic acid, which unites with the soda, While the liber- 
ated sulphur is partly dissipated and partly unites with 
the calcium. From the resulting mfiss carbonaEe of soda 
is obtained by lixiviation. The crystals, as found in com- 
merce, contain generally ten atoms of water; there are 
two other varieties, the one containing eight atoms, and 
the other one atom of water. Large quantities of the 
carbonate pf soda are also sold in an uncrystalltezed state, 
under the name of salts of soda. The figure of the crys- 
tals of this salt is a rhombic octahedron. They effloresce 
on exposure to the air. They are soluble in* five times 

^ What is the constitation of common fliJt 7 From what aonrces is it de* 
rived f What are its properties? How is barilla obtained from it? 
Why is it essential as an article of food ? From what source is the o«r- 
bonate of soda obtained ? Describe tiio preparati<Hi of it from die fiiliAMto 
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tbeir weigbt of cold and in leas than their own weight of 
boiling water. 

£^icarbonute of Soda, or the double carbonate of 9oda 
apd water, is fi>nned by tranemittine aslream of carbonic 
acid through a solution of the carix>nate, and is in the 
form of a white powder. It is less soluble in water than 
the former. There is a.se8quicarbQnate>wbich passes in 
commerce under the name of trona. 

Sulphate of Soda is the Glauber's salt of the shops ; oc- 
curs as a natural product^ and also as the result of the 
pr€yparation of hydrochloric acid. It is iii prismatic crys- 
tals of a bitter taste, efflorescing in the air, and becoming 
anhydrous. Water dissolves more than half its weiglrt 
of this salt at 91^"^ F., but above that degree it is less sol- 
uble. When a solution of thre^ parts of this salt in two 
parts of water is corked up in a. flask while boiling, it may 
be cooled without crystallization taking place ; but if the 
cork is withdrawn, crystallization commences at once, or 
if it does not, the introduction of any solid matter produ- 
ces it, find the temperature of the solution at once rises. 

Nitrate of Soda is found abundantly in difierent parts 
of America in the soil ; it crystallizes in rhomboids, dis- 
solves in twice its weight of cold water, and, from its del- 
iquescence, can not be used in the manufacture of gun- 
powder. 

Phosphate of Soda (tribasic) is formed by neutralizing 
phosphoric acid with carbonate of soda ; two of the hy- 
drogen, atoms are replaced ; it crystallizes in oblique 
rhombic prisms, dissolves in three times its weight of cold 
water, is of an alkaline taste, and gives a lemon-yellow 
precipitate with nitrate of silver. . By the addition of soda 
to it a subpbosphate. is formed, in which all three of the 
hydrogen atoms of the acid are replaced ; but by the ad- 
dition of phosphoric acid to the ordinary phosphate, till it 
ceases to give any precipitate with chloride of barium, the 
biphosphate of soda results, a salt very soluble in water. 
Its crystals are rhombic prisms. In it only one of the hy- 
drogen atoms is replaced. 

Microco8mic Salt, or the phosphate of soda, ammopia, 

What IB the pommerclal name of the aalphate ? What peculiarity ii 
there in the crystallization of its solution 7 Wliy can not tne nitrate be 
wed for gunpowder? What is the difference betwetm t\m phosphate, 
^e pyrophospbate» and the metapliosphate of soda ? 
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and water, ia made ov diasolTing seven parts of phosphate 
of soda in two parts of water, and adding one part of sal am- 
moniac. At a low heat it parts with its water of crystal- 
lization, and the temperature rising, it loses its ammonia 
and saline water, becoming monobasic phosphate of soda. 
It is much used in blow-pipe experiments. 

Pyrophotplutte of Soda (bibasic) is procured by heating 
the phosphate. It gives a white precipitate with nitrate 
of silver. 

MttaphotphaU of. Soda (monobasic) is formed by heat- 
ing microcosmic salt to redness. It is soluble in water, 
melts at a red heat, and gives, with dilute solutions of the 
earthy and metallic salts, viscid precipitates. 

Biborate of Soda, the borax of the shops. It is import- 
ed in a crude state from the East Indies, and manufac- 
tured from the natural boracic acid of Italy by the addi- 
tion of carbonate of soda. It crystallizes in octahedrons, 
or in oblique prisms, the former containing five, the lattw 
ten atoms of water, all of which is lost by exposure to a 
red heat, the salt then fusing into a glass. It is of great 
use in blow-f^pe experiments. 

LITHIUM. L = 6-42. 

This rare metal occurs in certain minerals, such as 
spodumene, t^pidolite, &c. It is a white metal, commu- 
nicating to flame a red color. It yields a protoxide the 
carbonate of which is of sparing solubility in water; dius 
fittmipg the link of connection between the potash and 
soda oarbonates, which are very soluble, and the carbon- 
ates of the alkaline earths, as baryta and strontia, which 
are insoluble. 

This brings us to the metals of the alkaline earths, which 
form a division of our first group ; the first of these is 

BABIUM. ^a=6fi-7. 
The existence of barium was first proved by Davy, who 
isolated it by electrifying mercury in contact with the hy- 
drate of baryta, an amalgam formed, from whioh the mer 
oury was subsequently distilled, leaving the barium as a 
metal of a gray color like cast iron, heavier than sulphuric 
acid, in which it sinks, obtaining oxygen rapidly from the 

What is microcosmic salt? IB^rom what source is horax deriyed, and 
what are its uses 7 In what minerals does lithimu occur t What is dw 
relation of its carbonate to those of the |>receding aad sttbiequelit mefljs f 
How was barium first obtai»ed I 
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air, and rivmg rise to the production of the protoxide of 
barium, baryta. 

Protoxide of Barium^ BaO = 76-713, 
may be obtained by igniting the nitrate of baryta, the de« 
composition being 

BaO, NO^ ...=:... BaO 4- NO^ 4- O; 
that is, one atom of nitrate of barytes yields one of pro- 
toxide of barium, and one of nitrous acid and one of oxy- 
gen gas are expelled. 

This protoxide is a white colored body, possessing a 
strong affinity for wal;jar, with which it exhibits the pbe* 
nomenon of slacking, as is the case to a less extent with 
lime, heat being evolved. It has an acrid taste., is soluble 
in water, and absorbs carbonic acid from the air. Its 
specific gravity is about 4*000. Its soluble salts are pois- 
onous. 

Hydrate of Baryta, BaO, HO = 85-726, 
is formed by slacking the protoxide, and is a white pow- 
der, very soluble in hot, but less so in cold water, yield- 
ing, therefore, crystals when a hot solution cools : these 
contain nine atoms of water of crystallization. The cold 
solution is used as a test for carbonic and sulphuric acids, 
with which it forms insoluble white precipitates. 

This solution is most easily obtained by calcining the 
native sulphate with pulverized charcoal, which converts 
it into Che sulphuret of barium. To a boiling solution of 
this body oxide of copper is added till the liquid ceases to 
blacken a solution of acetate of leadr On being filtered, 
the solution of hydrate of barytes is obtained. 

Peroxide of Barium, BaO^ = 84*7, 
is made by igniting chlorate of potash with barytes, or by 
passing oxygen over barytes in a red-hot tube. It is used 
m the preparation of peroxide of hydrogen. 

Of the other compounds of barium, the chloride is much 
used as a test for sulphuric acid ; it may be made by dor 
composing carbonate of baryta by hydrochloric acid. The 
sulphuret of barium is made by igniting the sulphate of 

MThat is the process for obtaining the protoxide, and also its hydrate • 
What acids is a solution of baryta used to detect? How is the oeroxidc 
■ndtt f What is its luaf Vor What pa^QM it lh« thktids tf hsiius 
«Bp1oy«d 1 
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baryta, heavy spar, with charcoal, which deoxydizes both 
the sulphuric acid and the baryta. It dissolves in hot wa- 
ter, and from this solution a solution of caustic barytn 
may be obtained by boiling with the oxides of l6ad or 
copper, and separating the sulphurets of those metals by 
filtration. By acting upon it with hydrochloric or nitric 
acid, the chloride or nitrate of baryta may be prepared. 

SALTS OP PROTOXIDE OF BARIUM. 
Carbonate of Baryta is found native, as the mineral 
Witherite, and may be prepared by precipitating a solu 
ble salt of baryta with an alkaline carbonate. It is solu- 
ble in 4300 times its weight of cold water, and 2300 of 
boiling water. 

Sulphate of Baryta^ found native abundantly as heavy 
spar, and from it most of the compounds of barium are 
prepared. It is called heavy spar, its density being 4-47. 
It crystallizes generally in tabular plates, and is whoDy 
insoluble in water. 



LEPTURE LIX. 

SxRONTniM. — Use» in Pyrotechny. — Salts of Protoxide, — 
Calcium. — Protoxide of — Sources in Nature. — Tests 
for. — Haloid iJompounds, Chloride, Fluoride, Sulphur- 
ets, Sfc.-^Salts of the Protoxide^ Carbonate ^ Sulphate, 
Phosphate, Chloride. — Magnesium. — Protoxide. — Salts 
of Protoxide, Carbonate, Sulphate, Double Phosphate. 
— ^Aluminum. — Sesquioxide. — Uses in the ArU, — Tests. 
'^Salts of the Sesquioxide, Double Sulphate, Alum. — 
Manufacture of Porcelain and Glass. — Other Metals. 

STRONTIUM. iSr = 43-8. 

This metal may be obtained by the same nrocesses 
which have been used for obtaining barium, with wlach 
It Has a considerable analogy. Its natural compoundi «re 
the sulphate and carbonate, from which its other prepara- 
tions may be obtained. 

Strontium yields a protoxide, which is the basis of a 
*^^^J^^ salts, differing from baryta salts in not being 

How : " 



cAiiCiUM. 267 

poisonous. ' The chloride and nitrate are used in pyro- 
techny for the purpose of communicating to flame a brill- 
iant crimson color. The red fire of theatres contains the 
latter salt, and the former, if dissolved in alcohol, a>m- 
municates to its fiaine the characteristic test of the stron- 
tium compounds. 

SALTS OF THE PROTOXIDIC OF STRONTIUM. 

Carbonate ofStrontia is the strontia^ite of mineralogists. 

Sulphate <^ Strontia is the celestine of mineralogists. 
It is not so heavy as sulphate of baryta, and is said to be 
soluble in about 4000 times its weight of boiling water. 

Nitrate of Strontia forms an ingredient of the red Are 
used in theatres; it crystallizes in octahedrons, and is 
soluble in five times its weight of cold water and half its 
weight of boiling water. 

CALCIUM. Cam 20-5. 

Calcium has never'been obtained in quantities sufficient 
to permit a full examination of its properties. It oxydi- 
zes with rapidity, yielding a protoxide, known also as' 
quicklime or lime. 

Lime occurs as a carbonate in the various limestones, 
marbles, chalks, &c., which form in many countries ex- 
tensive mountain ranges. Its other salts are very abund- 
ant. 

From the carbonate, pure or quicklime may be ob- 
tained by exposure to a bright red heat. If the limestone 
contains silica, it may, however, be overhumt, a silicate 
of lime forming, which prevents the product from slackmg. 
It possesses a strong affinity for water, and unites there- 
with vrith a great elevation of temperature, as exhibited 
in the process of slacking. Exposed to ahieh tempera- 
ture, it phosphoresces splendidly. The hydrate which 
forms when lime is slacked is white ; it is soluble to a small 
extent in water; and it is remarkable that cold water 
dissolves much more than hot. Lime-water iai colorless, 
of a partially caustic taste, neutralizes acids perfectly, re- 
storing to reddened litmus its blue color. It is ttsed as a 
test for carbonic acid, with which it gives the white car- 

'What is the color it oommanicatei to flame 7 What are the mineralog. 
ical names of tiie carhonate and milpbate of strontia f What is lime ? 
Under what forms does it occur in natare t From the carbonate, how may 
litte be produced? What is the action of water on it? What are the 
mvpOTttos of Bme-watar t 



ooMFouirM or cai«cium. 

bonmte of lime. Cream of lime is nothing bnt Uroe-wategr 
in which hydrate of lime is meebanically stispended. The 
hardening of lime mortars depends chiefly on the absorp- 
tion of carbonic acid. Hydraulic lime possesses the qual* 
ily of setting under water. It contains oxide of iron, 
alumina, and silica. 

Lime is best detected by oxalate of ammonia, with 
which it gives a white precipitate of oxalate of lime, pro- 
vided the solution be not acid. 

Among other compounds of calcium may be mentioned 

CMoride of Cal4n»m, CaCl=:55'97, 
formed by dissolving carbonate of lime in hydrochloric 
acid, evapon&ting the solution to a sirup, and, on cooling, 
the chloride crystallizes. It is exceedingly deliquescent 
Chloride of calcium, dried without crystallization, is used 
in organic analysis for collecting water, and, generally, in 
other chemical operations for drying gases. 

Fluoride of Calcium, Ca F= 39*24, 
called, also, fiuor spar, and frequently found as a mineral 
associated with lead. Crystallizes in cubes, octahedrons, 
&;c., of various colors. It is found in fossil, and, to a 
smaller extent, in recent bones. It is used for various or- 
namental purposes, and is the source from which the com- 
pounds of fluorine are derived. 

Sulpkuret of Caldim, €aS^36'62. 
obtained by igniting the sulphate of lime with charcoal, 
and constitutes Canton's phosphorus, commonly made by 
igniting oyster shells with sulphur ; possesses the curious 
quality of shining in the dark, afl:er a brief exposure to 
l»e sun or to the rays of an electric spark. 

SALTS OF THE PROTOXIDE OF CALCIUM. 
Carbonate of Lime is abundantly found in nature, form- 
ing whole ranges of mountains, the limestones, marbles, 
&c., of mineralogists. . It occurs pure in the form of Ice- 
land spar, in rhomboidal crystals, possessed of double re- 
fraction. It is dimorphous, assuming the form of six-sid- 
ed prisms, as in the mineral called Arragonite. It is an- 

What it milk of lime ? For what mu-posos is the chloride of calciimi 
uied ? Under what fynfu doei fluoride of caloinm oocar t What singn- 
lar qoality doei the acdphsret of cakiiUK pof IM* 1 Whai U9 the ^xim» 
pfaoot fynoB of carhoaate eflime 7 
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hydrousj insoluble in water, but in wAter charged with 
carbonic acid it is soluble* and is deposited from such a 
liquid on boiling; or by the diffusion of carbonic acid into 
the air. The carbonic aeid ia expelled from tbis salt by 
a red heat, and the action of the more powerful acids. 
Carbonate of lime may be obtained in union with water, 
by boiling hydrate of lime with a solution of sugar. 

Sfdphate of Lime — G^|M«m— occurs native, both in 
crystals, the primary form being a rhombic prism, and also 
in extensive crystalline masses. It contains two atoms of 
water ; there is a variety, however, passing under the name 
of anhydrite, which contains no water. On calcining the 
hydrous sulphate of lime at a low red heat, it becomes plat- 
ter of Paris; and has the property of setting into a hard 
mas6 when made into a paste with water. The sulphate 
of lime is soluble in 500 parts of boiling water, and oflen 
occurs in the water of springs, to which it communicates 
hardness. 

Phosphate of Lime — Bone-earth Phosphate — ^is one of 
the tribasic phosphates ; it is precipitated when earth of 
bones is dissolved in muriatic acid, and the solution neu- 
tralized by ammonia. 

Chloride of Lime — Bleaching Powder — is made by ex- 
posing hydrate of lime to chlorine. It is a white pow- 
der, exhaling a faint odor of chlorine, and is used exten- 
sively as a bleaching agent. 

MAGNESIUM, ilf^ = 127. 

. Magnesium may be procured by igniting a mixture of 
chloride of magnesium and sodium in a porcelain cruci- 
ble ; the chloride of sodium forms, and magnesium is set 
free. The chloride may be dissolved by water. 

It is a white, malleable metal, which melts at a red 
heat, and, with excess of air, oxydizes, forming ' 

Protoxide of Magnesium, J^O=20-713. 
This substance, called, also, calcined magnesia^ or sim- 
ply magnesia^ may be made by heating the carbonate to 
low redness ;, the carbonic acid is driven off, and the mag- 
nesia remains as a white powder, insoluble in water, but 

Under what circnmatances is it soluble in water T Under what Ibrmf 
does sulphate of lime occur, and for what i)iurposes is it used ? In wh«l 
does the phosphate of lime occur f What is bleaching powder ? How if 
magneshunobtained? Whatti'ethepropertiM.ofttT tTadmr what names 
does the protoxide psM? 
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Deutratizing acids completely, and forming with them a 
complete series of salts. 

Magnesia occurs very abundantly in nature, often asso- 
ciated as a carbonate with carbonate of lime, as in dolo- 
mitic limestone. It also occurs in fertile soils, and is es- 
sential to the growth of certain plants. 

It is well distinguished from all the foregoing alkaline 
earths by the relation of its sulphate. The sulphates of 
baryta, strontia, and lime form a series of salts, the solu- 
bility of which, in water, is constantly increasing; to 
these the corresponding magnesia salt may be added ; it 
is very soluble. 

Magnesia is precipitated fi-om its sulphate by the caus- 
tic alkalies, and by ^e carbonates of potash and soda as 
a carbonate, but not by the carbonate of ammonia in the 
cold. It may be detected by adding carbonate of ammo- 
nia and phosphate of soda in succession, when the phos- 
phate of magnesia and ammonia is precipitated. Heated 
oefore the blow-pipe, after having been moistened with 
nitrate of cobalt, magnesia becomes of a pinkish color. 
SALTS OF THE PROTaXIDE OF MAGNESIUM. 

Carbonate of Magnesia is found native, and may be 
prepared by boiling the sulphate with an alkaline carbon- 
ate, diffusing the precipitate in water, and passing a 
stream of carbonic acid through it ; by spontaneous evap- 
oration the carbonate of magnesia is deposited in crystals 
The carbonate of magnesia, the magnesia alba of the 
shops, is prepared by precipitating the sulphate of mag- 
nesia %vith the carbonate of potash ; it occurs in light 
white cubical cakes, or in powder, and is not a true car- 
bonate, for it does not contain a full equivalent of carbonic 
acid. It is said to be a compound of one atom of hydrate 
oL magnesia with three atoms of hydrated carbonate of 
magnesia. It is very slightly soluble in water. 

Sulphate of Magnesic^ — Epsom Salts of commerce — ^is 
produced by the action of dilute stilphuric acid on magne- 
Bian limestone. Its crystals are small four-sided prisms, 
soluble in an equal weight of cold and three fourths their 
weight of boiling water, the solution having a bitter taste. 
A. low heat expels six out of the seven equivalents of the 
combined water. 

What is dolomitic limestone ? How may magnesia be detected t How 
U ita carbonate prepared 1 Of what is Epsom salt compos^ 1 
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PhospTuUe ofMagnena and Ammonia^ one of tba vari« 
eties of urinary calculus, may be formed artificially when 
a tribasic phosphate, a ss^lt of ammonia, and a salt of mag* 
nesia are mixed together. 

Magnesium is the last of the alkaline earthy metals. Its 
history completes that of our first group <^ metallic bodies. 
At the head of the second group we find aluminum, the 
first of the earthy metals. 

ALUMINUM. i« = 13-7. 

Obtained, by Wholer, by the action of sodium on the 
chloride of aluminum, being the same process as that 
given for the preceding metal. 

It is a gray powder, which melts beneath a red heat ; 
takes fire when heated in ai^ producing 

Sesguioxide of Aluminum, jl/g 03=51*539. 

This oxide, called, also, alumina and clay, occurs nat* 
urally under certain forms, which are highly prized, as the 
ruby and sapphire. In a more impure condition it yields 
the various common clays, which also contain siUca or 
metallic oxides, or other extraneous bodies. 

Alumina may be prepared &om the sulphate of alumina 
and potassa, common alum, by precipitatmg the sulphuric 
acid oy cliloride of bariui^/ The sulphate of baryta goes 
down, and there is left in the solution chloride of po- 
taasium and chloride of aluminum. When the mass is 
dried, water is decomj>osed ; hydrochloric acid is then ex- 
pelled, and alumina, mixed with the chloride of potassium, 
remains behind ; the latter is to be dissolved away by wa* 
ter, leaving the alumina as a white substance, which, with 
water, forms a plastic mass, capable of being moulded, 
and retaining its shape when baked. After ignition, it 
adheres to the tongue, and during the act of drying it con- 
tracts considerably in volume, a property which formerly 
gave rise to the invention of Wedgewood's pyrometer. 

The presence of alumina gives to the clays those prop- 
erties which fit them for the purpose of the potter and 
brickmaAier. Alumina is also used as a mordant to fix the 
colors of certain dyes upon cloth. 

In what form is the phosphate of ina&^esia and ammonia sometimes 
found ? How is aluminum prepared ? What is the constitution of iu ox* 
iduT Under what natural forms does it oocnr? How may alumina b« 
prepared 7 What principle is involved in Wedgewood^s pyrometer f 
What is meant hy a mordant f 
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AlamiDa is precipitated from its solutions by fixed al« 
kaliesy which yield a white hydrate of alumina, soluble in 
an excess of Uie precipitant. It is also thrown down by 
alkaline carbonates; and, when these precipitations are 
made in a solution tinged with coloring matter, the alu^ 
mina carries it down with it. Such colored precipitates 
pass under the name of lakes ; and it is this property of 
attaching such colors to itself, enabling it to cause their 
firm adhesion to cloth fibre, which is the principle of its 
application as a mordant. 

Among the purposes to which alusiina is applied may 
be mentioned the manufacture of Pobcei^ain, and the. dif- 
ferent kinds of eaithen-ware. The former substance, first 
made by the Chinese, is ye|:y compact and translucent. 
It consists essentially of clay mixed with a fusible body, 
which binds all its parts together, and is covered with a 

flaze, which does not terminate abruptly on the surface, 
ut pervades the substance of the mass; In this respect 
it differs from common earthen-ware. Feldspar, or the 
silicate of lime, are bodies suitable for communicating this 
glassy structure. 

In the manufacture of porcelain, great care is taken to 
•elect clay free from iron. It is mixed with powdered 
quartz and feldspar, and the requisite shape given it either 
by the potter's wheel, or by pressing it into moulds. It 
is then dried in the air, and more perfectly in a furnace, 
and, when ignited, forms biscuit. This is dipped in the 
glaze, suspended in water, and becomes covered over with 
a uniform coat of it. It now remains to d^y it once more, 
and fuse the glaze upcm it. 

EARTHEir-WARE consists of a white clay mixed with sil- 
ica. It is glazed with a fusible material containing oxide 
of lead, and colored of different tiqts by metallic oxides ; 
for example, blue by cobalt. 

Conneeted with the manufacture of pottery, may also 
be mentioned the manufacture of G-lass, of which there 
are several varieties, some consisting of silica, potash or 
soda, and lime, others containing a large quantity of oxide 
of lead. If silica be heated with carbonate of potash and 
lime, or oxide of lead, carbonic acid is expelled, and glass 

"Bxm may the presence of alumina be recognized 7 What are lakes T 
What substances are used in the pre|)aration'of porcelain and eartfaea 
war* f Hew is glass made 7 
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tonus. The mass is kept in a fused condition till it is free 
from air bubbles, and is then cooled until it becomes plas- 
tic, so that it may be blown or moulded. 

Articles of glass, after they are manufactured, require 
to be annea^led or slowly cooled down. This allows their 
parts to assume a regular structure, and^ prevents excess- 
ive brittleness. 

Soluble glass ft formed when silica is heated with twice 
its weight of carbonate of soda or potash. It derives its 
name from the fact that it is for the most part soluble in 
water. 

SALTS OF THE SESaUIOXIDB OP ALUMINUM. 

Stdphate cf Alumina is made by dissolving alumina in 
dilute sulphuric acid. It outers into the composition of 
the alums. 

Sulphate of Alumina and Potash^^Alum, — This import- 
ant salt is prepared from alum slate. It crystallizes in 
octahedrons, has an astringent taste, reddens litmus paper. 
It dissolves in about eighteen times its weight of cold, and 
less than its owq weight of boiling water. It contains 
twenty-four atoms of water, and, when exposed to heat, 
foams up, melting in its own water, which, being evapo- 
rated away, leaves a white porous mass, commonly called 
burnt alum. 

In the same way that the sulphate of potash unites with 
the sulphate of alumina, so, also, ^o the sulphates of am- 
monia and of soda, forming respectively the ammoniacal 
and soda alums. The alumina in the common alum may 
be replaced, also, by the sesquioxides of iron, manganese, 
or chromium, giving iron, manganese, and chrome alums. 

The following metals, Glucinum, Thorium, Yttrium, 
Zirconium, {janthanium, and Cerium, are very rare bod- 
ies, and, being of little interest, may be passed over with 
out farther notice. 



Wliy most it be amiesledf What tan the pfopertimi of the ralphftti! 
of alumiiui and potash? 
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LECTTJRE LX. 

Manganese. — Its Seven Oxides. — J%e Peroxide and Us 
Applications, — Mineral Chameleon, — Acids of Manga- 
nese. — Salts of the Protoxide. — Iron. — Its Natural 
Forms. — Reduction on the Cheat Scale. — Ckist Iron. — 
Wrought Iron. — Steel. — Passive Iron. 
IIANGANESB. Mn^27'7. 

MikNGANRSE may be procured by igniting its oxides with 
a mixture of lampbbick and oil in a powerful furnace, the 
reduction being somewhat difficult. It is a white metal, 
specific gravity 8*013, requiring a white heat for its fusion, 
and oxydisdng readily in the air. It is remarkable for the 
number of oxygen compounds which it yields ; they are 
MnO . . . Mn^O^ . . . MnO^ . . . MnO^ . . . Mn^Oj . . . 
Mn^O^...Mn^Oj, 
designated respectively, 

Protoxide of mangaoeae. 

Seiquiozide of manganese. 
Peroxide of manganese. 



Pennanganie add. 

Red oxide of manganese. 

Varvicite. 



Manganic acid. 

Of these, the protoxide may be made by passing hydro- 
gen gas over red-hot peroxide of manganese. It is of a 
green tolor, is a basic body, and forms a series of salts, of 
which the sulphate id used in dyeing. It is isomorphous 
with magnesia and zinc. Hydrosulphuret of ammonia 
yields with it a flesh-colored precipitate, ferrocyaiiide of 
potassium a white, and the chloride of soda a dark brown 
hydrated peroxide. Thd sesquioxide is made by igniting 
the peroxide, as will be presently explained. The red 
oxide and varvicite occur as minerals; but of the whole 
series the peroxide is by far the most valuable. 

Peroxide of Manganese, MnO^ = 43-726, 
is fdund abundantly as a mineral, and passes in commerce 
under the name of black oxide of manganese, a name in- 
dicating Its color It is insoluble in water, and when ex- 
Posed to a red heat gives off one fourth of its oxygen, 
formmg the sesquioxid e^ atated above, the action being 

How may maneanese be obtaini>#i t xxr^. .. -^ -^ • » 

many oxidis does it fhrBiah?How^^^^ "'^ '? ^I^^',^ J^Z 

i« the constitution of the peroxideT ^ ^•^^^^•^ bedetected 7 What 
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2{MnO^) ... = ... Mn^O^ -f O, 
On tbis fact is founded one of the processes for obtaining 
oxygen gas. Heated with hydrochloric acid, it yields 
chlorine, as has been explained. It was formerly called 
glassmakers' soap, from the circumstance that it removes, 
when added to meltod glass, the stain of protoxide of 
iron, by tumins it into peroxide, and causes the glass to 
become colorlm ; but if too great a proportion of per- 
oxide of manganese is used, die glass assumes an ame- 
thystine color. 

Peroxide of manganese, when ignited with caustic pot- 
ash in a platina crucible, yields a substance known as 
Mineral Chameleon, which is of a green color. Water 
dissolves from it the Manganate of Potash^ which is of 
a beautiful grass green, the solution speedily passing 
through a variety of shades of purples, blues, and reds. 
As yet, manganic acid is a hypothetical compound, and 
has not been insulated. When minetal chameleon is 
.dissolved in hot water, a red solution is obtained of the 
Permanganate of Potash ; from the permanganate of ba- 
ryta a crimson solution of Permanganic Add may be pro- 
cured by the aid of sulphuric acid ; but permanganic acid 
ean not be obtained in the solid form. 

Among cM&er compounds of manganese, the following 
may be named : 

Frotxx;bloride of maaiganese MnCl = 63*15. 
Perchloride ^' " \ftfn20/7 = 303-19. 

Perflaoride " " Jtf» /'/t = 186-46. ^ 

The protochtoride may be made by acting on the per- 
oxide with muriatic acid, evaporating to dryness, and 
fusing at a red heat. On digesting with water, the proto- 
chloride dissolves, and any impurity of iron is left m the 
state of oxide. Then, by crystallizing, the chloride can 
be obtained in pink crystals. The perchloride is pro- 
duced when permarganate of potash, common salt, and 
sulphuric acid aie heated. It is a dai*k greenish and 
volatile liquid. The perflflbride is obtained by distilling 
sulphuric acid, permanganate of potash, and fluor spar; 
it is a greenish yellow gas. 

What color does it give to glass 7 How i» mineral chameleon made ^ 
What are its properties T Can maneanic acid be insulated ? How mf 
Oie chloride#*f manganese be formed t. What are the pr^erties of ti 
fluoride 7 
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ProiandpheUe of Mangajtese^ formed by dissolving pro- 
toxide of manganese in sulphimc acid. The figure of itb 
crystals depends on the temperature at which they were 
formed. They have a rose-colored tint. It is insoluble 
in alcohol, very soluble in water, and is used by the dyeis 
to produce a fine brown color. 

There is but one sulphuret of manganese. It is ob- 
tained as a hydrate when manganese is precipitated by 
hydrosulphuret of ammonia {MnS, HO). >t is of a fiesb- 
red color. 

mON. Fe = S800. 
Iron sometimes occurs in a native state and as mete- 
oric iron, also as oxide, carbonate, sulphuret, &c. It is 
one of the most abundant of the metals. Much of what 
is found in commerce is derived from clay iron-stone, 
which is an impure carbonate containing silica, alumina, 
magnesia, and other foreign substances. The native per- 
oxide of iron, red haematite ; the hydrated peroxide, 
brown haematite ; the black oxide, or Magnetic iron ore, 
furnish some of the finer varieties of the metal. 

Prom clai/ iron-stone metallic iron is procured by the 
action of carbonaceous matter and lime at a high temper- 
ature. The ore, having been roasted, is thrown into the 
furnace with coal and lime. If the iron is in the ore as a 
silicate, the lime decomposes it at those high temperatures, 
forming a slag of silicate of lime, and the oxide of iron 
set fi^ee is instantly reduced by the carbonaceous matter; 
the metal sinking down, protected by the slag, is let off 
T?^*"^ » liole in the bottom of the furnace. 
Ihe substance thus produced is not pure iron; it con- 
tams cw-bon and other impurities, and passes under the 
>uie ot cast or pig iron. It is purified by melting and 
nodden cooling, which converts it into/*«j meUd ; this 
W«f 4? u *^®^ melted under exp^ure to air. which 
fr^ K • ® carbon, as caibonic oxide, and the mass, 
s^bT«^.!!?? P^?<^% fl^id. becomes coherent. It is now 
mKlrT^n^ ''^'^^^?^ mechanical action, such as hammer- 
g oiang ; this f orces out or bums off the impurities, 

^^«t M«*tl^JSl?**>?»» "d iwe of the 
•d fiom dav jS?*'. ^^^ ^Wch iron chi« 



i «,i^^° "«>Oe? What is ouf: iy^9 tl^ «!,-«. «ww,^«^- i- 4* 



"^wvert^a w»o^^^^?^Yl»«* i» OMt irw^ By what proceswa » It 
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incredses its tenacity, and it becomes the wrought iron of 
commerce. 

Cast Iron melts readily at a bright red heat, and expands 
in solidifying . on this depends its valuable application for 
making castings. Kept under the surface of salt water for 
a length of time, cast iron becomes converted into a body 
somewhat like pluinbago, due, probably, to the removal 
of the iron as a chloride ; the carbon which is left behind is 
sometimes observed, as it dries, to become hot : a phenom- 
enon to be accounted for by its porous state. These facts 
have been frequently verified in the case of cannon which 
have lain for years at the bottom of the sea. There are 
two forms of cast iron, white and gray ; the former con- 
tains about five per cent, of carbon, the latter three or four. 

Pure Iron may be obtained by decomposing precipitated 
peroxide of»iron by hydrogen gas, and melting the result. 
The metal has a bluish color, is more ductile Sian mallea- 
ble, and is the most tenacious of all bodies. It becomes very 
Bof^ at a red heat, and possesses the welding property ; on 
this depends the art of forging it. Its specific gravity is 
7*7. It is one of the few magnetic bodies, and, when soft, 
ita magnetism is so transient that it may eain and lose that 
qu£dity a thousand times in a minute. The melting point 
of iron is very high. In the mode of preparing it from 
cast iron it does not undergo the process effusion, but its 
particles are simply welded together. The fibrous struc- 
ture which wrought iron possesses is the chief cause of its 
great tenacity; a wire j^^th of an inch in diameter will 
bear a weight of 60 pounds. 

Steel, which is a valuable preparation of iron, i» made 
by placing alternate strata^f iron bars and charcoal pow- 
der in a close box and keeping them red hot. The pro- 
cess is known by the name of cementation. The iron 
gains about 1*5 per cent, of carboiu Steel is much more 
fusible than' iron, ami becomes excessively hard and brit- 
tle by being brought to a red heat and then suddenly 
quenched in cold water. When allowed to cool slowly, it 
is quite soft, and various degrees of elasticity and hard- 
ness may be given to it by the process of tempering. 

By placing apiece of platina in nitric acid of a specific 

What are tlie properties of cast iron? What chans^es does it nndergc 
mider water ? How maypore iron be obtained ? What are \\M properw 
ties f What is stael 7 How is it mado, and what are ita propertias T 

A A 
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grarity of 1*34, and then bringing an iron wir^ in contact 
with it and withdrawing the platina, the iron assumes a 
passive or allotropic state. It now exhibits no tendency 
to unite with oxygen, cannot pi^cipitate copper from its 
solutions, and simulates the properties of platina and gold. 




LECTURE LXI. 

Ikon. — Oxidetqf, — Three Oxides and Ferric Acid. — TesU 
for Iron4 — Salts of the Protoxide and Peroxide, — 7^ 
Sulphurets, — Nickel. — Its Reduction from the Oxalate, 
— Cobalt. — Smalt, — Zaffre. — Sj^paihetic Ink. — 
Zinc. — Distillation of. — Salts of the Protoxide, 

mON AND OXYGEN. 
Iron bums with rapidity in oxygen gas, as may he 
Tig.^at. proved by igniting a piece of it in wire coiled 
mto a spiral form in a jar of that gas {Fi^. 263), 
when it will be found to take fire and burn beau- 
tifully. In atmospheric air, under favorable cir- 
cumstances, the combustibility of this metal may 
be proved. Thiis, fine iron filings, sprinkled in 
the flame of a spirit-lamp, bum with scintilla- 
tions ; exposed to air and moisture, it slowly 
rusts. Iron yields four oxides : 

Protoxide . . . . FeO = 36-013. , 

Black oxide . . . Fe^O^ = 116-05S. 

Peroxide . . . . FctO^^ 80039. 

Ferric acid . . . \ FeO^ = 52*039. 

Protoxide of Iron, FeO=36-013. 

This oxide has not yet been insulated, but it exists, 

united with acids, in an extensive series of salts, from 

which it is thrown down as a hydnite by alkalies, and is 

then of a while color, wl||ch darkens as it passes into the 

state x)f peroxide. Ferrocyanide of potassium gives a 

white precipitate, and the ferridcyanide a deep blue. Hy- 

drosulphuret of ammonia gives a black sulphuret of iron. 

Solphureted hydrogen and gallic, acid give no precipitate. 

. How may iron be rendered pasaive ? How may tharapid oxydation of 
^Q be iUustrated? How many oxides does this ndetal vield? What 
"'« t||« reactions whiteb the protoxide Aimiahei with testa f 
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Black Oxide of Iren. Fe^O^=ll&052. 
This oxide, known also as the magnet or loadstone, is 
found as a mineral. It is a compound of the protoxide 
and peroxide. The scales of iron found in blacksmiths' 
forges mainly consist of it. It may also be produced by 
decomposing the vapor of water by metallic iron in a red- 
hot tube. 

Peroocide of Iron, FeiOti=:S0'0B9^ 
is found in nature as oligist iron, or as a hydrate. It may 
be produced artificially as a hydrate by precipitation from 
a solution of persulphate of iron, by a caustic or carbona- 
ted alkali, or in a pure state by igniting green vitriol; 
there is then left a red powder, known as rouge, used for 
polishing metals. T^is oxide is not magnetic ; it is the 
basis of ^ series of salts which yield, with alkalies, a brown 
hydrated peroxide; withferaocyanide of potassium, Prus- 
sian blue ; with sulphocyanide of pot^sium, a blood-red 
solution; with tapnm and gallic #cid, a black. This last 
is of considerable interest, constituting the basis of ordi- 
nary ink. 

The presence of iron can always be determined by 
passing it into the condition of peroxide, and applying the 
foregoing tests. 

Ferric Acid, FeOs= 52-039, 
is prepared by heating peroxide of iron with four parts of 
nitrate of potash. The result is treated with cold water, 
which yields a red solution of the ferrate of potash. This 
slowly decomposes in the cold, and very rapidly when the 
solution is warm« The ferrate of baryta precipitates 
when the potash solution ns acted on by a soluble salt of 
baryta. It is'a permanent body, of a crimson color. 

Among other compounds of iron, the following may be 
named : 

Piotochloride of inm FeCl =:- 63'47. 

Perchlori^e " Fe^Cli = 162-35. 

Protiodide " Fel = 153*57. 

Protosxaphuret " FeS = 44*18. 

Sesqaiaiilphiiret « Fe^St =104*36. 

Biaxilphuret " ...... FeSt = 60*24. 



Under what nataral fbrms doea lihe black oxide occur 1 How may it be 
formed artificially ? What are the natural fimns of the peroxide ? How 
may it be prepared ^ For what porpoiei is it oaed? 'What if iti action 
with reagents ? Wbat is common ink? How may the pretence of iron 
be detected ? What are the properties of ferric acid ? Of the other ooo^ 
poonds* mention some of intereat. 



9M SALTS OF IEOH« 

Of these, the pTOtochloride is fonned by passing hydro- 
chloric acid over red*hot iron. It is White, but fbrms a 
ffreen solution in water. The perchloride, in solution, by 
dissolvinff peroxide of iron in hydrochloric acid. The 
protiodide^Dy boiling an excess of iron filings with iodine^ 
and evaporating; it forms, on cooling, a dark gray mass. 
Its solution absorbs oxygen from the air. The protosul- 
phuret of iron, which is much used for forming sulphuret- 
ed hydrogen, may be made by heiating a mass of iron to 
a white heat, and aT>pl|an|r to it roll sulphur, and receiv- 
ing the melted globules m a bucket of water. It may 
also be procured by igniting iron filings vnth sulphur. 
The bisuiphuret occurs abundantly as ^ mineral of a gold- 
en yellow color, crystallized in cubes or allied forms, and 
known as Iran Pyrites, It frequeiitly assumes the form of 
various organic remains, being one of the common petri- 
fying agents, but in this state difiers essentially from the 
cubic pyrites, both in color and oxydizability, these fiMsil 
remains rapidly decayilfg under exposure to the air, but 
the other form being unacted on. Besides these, there is 
a sulphuret of iron which is magnetic. 

aA.LTS OP THE PaOTOXIDB OP IRON. 
Carltonate of Iran may be obtained from the sulphate 
by an alkaline carbonate, falling as a whitish precipitate. 
It turns brown, however, from the absorption of oxygen. 
It occurs as a mineral in spathic iron, and dissolves in 
water containing carbonic acid, forming chalybeate vratexn. 
Protosnlphate of Iron — Copperas — Grreen Vitriol — ^is 
prepared largely by the oxydation of iron pyrites, and 
crystallizes in oblique prisms of a grass green color. It 
has a styptic taste, dissolves in twice its weight of cold, 
and three fourths its weight of boiling water. It contains 
five atoms of water. At a low red heat it becomes anhy- 
drous. In this state it is used for the manufacture of the 
Nordhausen sulphuric acid. 

SALTS OP THE PBROXIDB OP IRON. 

Persulphate of Iron may be formed by adding to a so 

lution of the protosulphate of iron half an equivalent o£ 

Bulphuric acid, and p^roxydizing by nitric acid. Witb 

^terjt jbrms a red solution. 

ft^*^ '* ^'^^ pyritei ? What is the differenoe of iti formi 1 How is 
Dhft^f »^^^^>^^E^3™'^^ Whatu1heproeeMfinrprepuiBgtfaaml> 
v^mxmi Hawiithep«r»iilphat«©btaia«4l 
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NICKEL. . M = S9-5. 

NicKBL may be obtained by igniting its oxalate in a eor* 
ered cracible, carbonic acid escaping, and the metal being 
reduced. 

NtO+ C^O^ ... = ... iVi-|-2(C0,) ; 
one atom of the oxalate of nickel yielding one of the met- 
al and two of carbonic acid gas. 

Nickel is a white metal, requiring a high temperature 
for fusion. It is magnetic,, and has a specific gravity of 
8'5. It is commonly associated with iron in meteorites, 
and enters into the composition of German silver ; unitei 
with oxygen, forming a protoxide and sesquioxide, the 
former yielding salts of a green color; the latter is an in 
dijSferent body. 

SALTS OP THE PROTOXIDB OP NICKEL. 

Sulphate of Nickel crystttlUzes from its solutions witk 
six atoms of water in slender green prisms, which, when 
exposed to the sun, change into an aggregate of octahe 
drons, becoming opaque; . 

Nickel is chiefly used in the preparation of German 
silver, an alloy of copper, zinc, and nickel. It is of a 
white color, takes a good polish, and is malleable. 

COBALT, C<> = 29-5, 
is generally associated with iron and nickel, and with 
them occurs in meteoric iron. Like the preceding metal, 
h may be obtctined by igniting its oxalate In a coverfed 
crucible, carbonic acid being disengaged and metallic 
cobalt left. It is a pinkish white metal, requiring a high 
temperature for fusion. Its specific gravity is 7*8. li is 
magnetic, as recent ei^periments have proved. It, forms 
a protoxide a#d a sesquioxide, the former being the basis 
of a class of salts which are chiefly of a pink or blue col- 
or. Smalt is a siHcate of cobalt, and 2j€^re an impure 
oxide ; the former is used to communicate to paper a faiiii 
blue tinge, and the blue color which the oxide gives to 
glass is taken advantage of in coloring the common vari- 
e^es of earthen-ware. Cobalt is easily detected upon this 
principle. 

By what proceis is nickel obtained ? What are its pronerties ? tJnder 
what remarkable circumstances does it occur with iron ? What change 
does the sulphate of nickel undergo in the sunlight ? How is cobalt 6ro 
eared? Im it magnetic like nickelf What is smalt? What is tam^ t 
What turn the tuea of oobalt? 

A aS( 



The chloride of cobalt may be made bv dissolvirg the 
oxide or the metal in hydrochloric acid. It is a pink 
solution, which turns blue when dried. It forms a beau- 
tiful sympathetic ink, for letters written with it, especially 
on paper which has a pinkish tinge, are entirely invisible, 
but become of a bright blue color when the paper is 
warmed, the letters again fading as they become cool and 
moist. 

ZINC. Zn = 32^. 

Zinc is a very abundant' metal, immense quantities of 

it occurring in the state of New Jersey and in various 

Fig, 964. other places. Prom zinc blende, which is a sul- 

I ' ^ ' phuret, converted by roasting into an oxide, or 

Ir^ja J from the carbonate brought into the same state 

IH Hi ^^ ignition, the metal may be obtained by the 

^■.^B process of distilkition by descent. The ox- 

H HI ide, mixed with charcoal, is introduced into a 

WJ^ crucible whiclvhaa an iron tul>^ passing through 

I a hole in its bottom, as seeq in Fig, 26 4> and 

J . the lid being luted on, the temperature is raised 

^ to a white heat, and the zinc, distilling over, 

may be condensed in water. 

Zinc is a bluish- white metal, which melts at about 770** 
F., and, if exposed at a bright red heat to the air, takes 
fire and bums with a brilliant pale green flame. Its spe- 
cific griivity is about 7*00. At common temperatures it is 
brittle, but it may be rolled into thin sheets at about 300<> 
F., and then retains its malleability when cold. During 
Its combustion there arises from it a great quantity of 
flocculent oxi^e, which formerly went under the name 
of mkH album, or philosopher's wool. Aq^ong the com- 
pounds of zinc may be mentioned 

- - Protoxide of ziac Z»0 = 40-313. 

CUoride " ..... Z»C/=r= 67-75. 
Sulphuret « Z»iS=c=48-4. 

Of these, the oxide is formed, as has been said, during 
tne combustion of zinc. It is also precipitated as a white 
nyarate from its soluble salts by potash or soda, soluble 
m excess of the precipitant. The chloride may be made 
Zi2f.ff^!:2!L^l^?fl^^ ^^ metallic zinc. It is 

&»*»od ? ^S^IS ^°®" *® chloride possess ? By what process is zinc db* 
Oaring oomlmjSL^u^*?^^**^ between its ductiUty md temperatare 1 
"«««aan, what «u«i from it? Howmay it be d^tactadf 



OADMiuii.--yriir. fiM 

used in the arts for soldering^ under the name of bntt^ of 
zinc. The sulphuret occurs aa a -mineral under the name 
of zinc blende. 

SALTS OP THE PEOTOXIDB OF ZINC. 
^Sulphate of Zinc — White Vitriol. — This salt is formed 
in the process for procuring hydrogen gas by the action 
of dilute sulphuric acid on zinc. It crystallizes in color- 
less prisms with six atoms of water, ana is soluble in two 
and a half parts of cold water. It has a styptic taste, 
and reddens vegetable blues. There are three different 
subsulphates of this oxide. 

Silicate of Zinc, the electric calamine of mineralogists ; 
remarkable for becoming electric when heated. 



LECTURE LXII. 

Cadmitm. — Sources of. — Its Volatility. — Tin. — Block and 
Chain. — Its Properties. — Protoxide and Stannic Acid.^-^ 
CJilorides of Tin. — Mosaic Gold. — Its Uses. — Chro- 
mium. — Chromiron.-^^ Green Oxide and its Uses. — 
Chromic Acid. — Salts of the Sesquioxide. — Salts of 
Chromic Acid. — Other Metals. — Titanium. 

CADMIUM. Cd = 55*8. 

Cadmium usually occurs associated with zinc as a car- 
bonate. In the preparation of that metal by distillation, 
as has been described, the cadmium first comes over. 
From any impurity of ziiic it may be separated by pre- 
cipitation from an acid solution by sulphureted hydrogen, 
which throws the cadmium down as a yellow powder, 
out does not act oh the zinc. The sulphuret of cadmium 
is then dissolved in nitric acid, the oxide precipitated by 
potash, and, when dry« reduced by charcoal. The com- 
pounds of cadmium are not important. The metal itself 
IS very volatile. 

TIN. 8n = 57-9. 

Tin occurs as an oxide in England, Mexico, Germany, 
and the East Indies. It may be reduced by the action 
of charcoal at a high temperature. It is found in com- 

How is white vitriol prepared ? What is electric calamine ? Unde 
what dxcomstances does cadmiom occur? What are l2ie Dative fbrma'c 
tisf 
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merce under two fotms, block tin and grain tin. If a bai 
of tin is heated, the purer parts, being the more fusible, 
ooxe out of it, constituting grain dn, and the mass which 
is left behind is block tin. 

Tin is a white metal like silrer. It ozydizes in the air 
superficially, the action ceasing as soon as a thin crust is 
formed. At a red heat it oxydizes rapidly, forming putty 
powder^ used for polishing metals. It is very malleable, 
and may be rolled into thin foil. When bent backward 
and forward it emits a crackling sound. It is very soft; 
its specific gravity 7*2. It melts at 442^, and buns when 
raised to a nigh te^iperature in the air. Some of its com- 
pounds are 

Protraide oftin SnO ^^ 65-913. 

Sesqaioxide Sfn, O3 = 129*839 

Peroxide SnO* =* 73*926 

Prolochloride . , SnCl s 93*37. 

Peichloride SnClt =z 126.74. 

ProtMolphtirct 8n8 =3 74^ 

Pemlphoret SnSa = 90*1. 

The protoxide may be made by precipitation from the 
protochloride by carbonate of potash. It is to be washed 
with warm water, and its water finally driven off in a cur- 
rent of carbonic acid eas at a red heat. It is of a black 
color, is easily set on fire in atmospheric air, passing into 
the condition of peroxide. Its salts reduce the noble 
metals to the metallic state, when added to their solutions, 
and yield with the chloride of gold the Purple ofCcusius, 
The peroxide, called also stannic acid, ftt)m exhibiting 
weak acid properties, may be made by the action of ni- 
tric acid on tin. It is a hydrate in the form of a white 
powder, insoluble in acids and water ; but if obtained by 
precipitation from perchloride of tin, it is soluble both in 
acids and alkalies. Melted with glass, it forms a white 
enamel. 

The protochloride may be made by dissolving tin in 
warm hydrochloric acid. The solution, when concentra- 
ted, deposits crystals of the hydrated protochloride. These 
are decomposed when heated. The anhydrous protochlo- 
ride may be had by passing hydrochloric acid gas over 
metallic tin at a red heat. The perchloride is procured 

What are block and grain tin T What are the properties of tin ? When 
a bar of tin ia bent backward and forward, what phenomenon ariaes f 
How ia the protoxide made, and how do iti salts act on those of the noble 
metala 7 How is stannic acid prepared 7 What does it yield with glass f 
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by distillling eight parts of tin with twenty-four of corro- 
sive sublimate. It is a smoking fluid, and was formerly 
called the Fuming Liquor of Libaviui. A solution of 
this substance, much used in dyeing, is made by dissolving 
tin in nitpomuriatie acid, or by warming a solution of the 
protochloride with a little nitric a<4d. 

Of the sulphurets, the first may be formed by pouring 
melted tin on sulphur, and igniting the powdered result 
with more sulphur in a crucible. It is a bluish gray com- 
pound. The persulphuret is obtained when two parts of 
peroxide of tin, two of snlphur, and one of sal ammoniac 
are ignited in a retort. It is a body of a golden yellow 
color, formerly called Aurum Munrfum, or. Mosaic gold, 
in small scales of a greasy feel, and is used for exciting 
electrical machines, being much more energetic than the 
common amalgam, though less durable in its power. 

Tin furnishes several valuable metallic combinations; 
Tin Plate is. sheet viron superficially alloyed with it. 
The soft solders are alloys of lead and tin. Pewter is an 
alloy with antimony. 

CHROMIUM. Cr=a8. 

Chromium occurs abundantly near Baltimore as the 
chromate of iron (Chrome Iron) imore rarely as the red chro- 
raate of lead. The metal may be obtained by the action 
of chctrcoal on the oxide at a nigh temperature, and is of 
a yellowish-white color. It takes its name from its tend- 
ency to produce highly colored compounds. It is very 
infusible, and has a specific gravity of about 6*00. Its com- 
pounds, to be here described, are 

Sesqaioxide of chrotanom .... CrJO^ = 80*039. 
Chromio acid . .• CrJJt 



Sesquichloride of chxomiam . . . CrgCis = 162*26. 
The sesquioxide may be prepared bv heating the chro- 
mate of mercury to redness in a crucible. The mercuiy 
is driven off, and the chromic acid partially deoxydized, 
leaving a beautiful grass-green ppwder^ the sestiuioxide. 
It may also be obtained by heating the bichromate of pot- 
ash red hot, and washing* the residue in water; also as a 
hydrate, by boiling a solution of bichromate of potash with 

What M tbe filming liqoor pf Libayitui7 How is mosaic gold made, 
and what is its use ? What alloya does tin fiimish? Under what forma 
does difominm occur in natora f How is its sf pquioxida prepigrad» and 
wfaaK ia its «sa f 
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muriatic acid, and adding alcohol ; the mixture becomes 
of a green color, and ammonia precipitates the faydrated 
sesquioxide. It is a weak base, yielding a class of salts 
of a blue or green color. In the state of hydrate it is sol 
ttble in acids ; but, on making it red hot, it suddenly be- 
comes incandescent, passes into another allotropic state, 
and is now insoluble. This sesquioxide is isomorphous 
with the sesquioxides of iron and alumina. In its two al- 
lotropic states, it yields corresponding classes of salts, one 
of which is green, and the other reddish green. It is used 
for communicating a green color to porcelain. 

Chromic Acid may be made by adding one volume of a 
saturated solution of bichromate of potash to one and a 
half of oil of vitriol. On cooling, red crystals of chromic 
acid are deposited. It is isomorphous with sulphuric acid, 
produces with bases yellow and red salts, is a powerful 
oxydiaing agent, is decomposed by a red heat into the ses- 
quioxide, destroys the color of indigo and other dyes, 
and may be detected by producing with the salts of lead, 
chrome yellow, and by its ready passage, under the influ- 
ence of deoxy^zing agents, into the sesquioxide. 

The sesquichloride is procured when chlorine is passed 
over a mixture of the sesquioxide and charcoal in a red- 
hot tube. It is a lilac-colored body, which forms a green 
solution in water. There is also an oxychloride, which 
may be distilled as a deep-red liquid from a mixture of 
chromate of potash, common.j9alt, and oil of vitriol. The 
fluoride, which is a red gas, is obtained by distilling in a 
silver retort a mixture of chromate of lead, fluor spar, and 
oil of vitriol. It is decomposed by the moisture of the air, 
forming chromic and hydrofluoric acids. 

SALTS OP THE SESaUIOXIDE OP CHROMroM. 
Sulphate of Chromium and Potash — Chrome -Alum, — 
When the oxide of chromium is dissolved in sulphuric 
acid and mixed with the sulphate of potash and a little 
free sulphuric acid, crystals of chrome alum are deposit- 
ed in red or blue octahedrons. The sulphate of chromium 
alone does not crystallize. 

Chrome Iron, a compound of the sesquioxide of chro- 
mium and the protoxide of iroo, is fpund native, crystal- 
How U chtomio acid made 7 Does it posseas bleacfainff powers 7 ^ How 
^9 the chloride and fluoride obtained f What is the umn of the lattei 
*^y1 What is cfcronie slum? 
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lized in octahedrons, and also massive. It furnishes most 
of the compounds of chromium. 

SALTS OF CHKOMIC ACID. 
C^ramate ^Potash may be made by igniting chrome iron 
with one fifth its weight of nitrate of potash. It crystal- 
lizes in small, lemon-yellow prisms, and is very soluble 
in hot water. The crystals sure anhydrous. 

Bichromate of Potash may be prepared from the for- 
mer by adding an equivalent of acetic acid : it crystal- 
lizes in prisms of a ruby red. Large quantities are con- 
sumed by dyers. 

Chromate of Lead — Chrome Yellow, obtained by pre- 
cipitation from either of the foregoing salts by a soluble 
salt of lead. It is used as a paint. 

Dichromaie of Lead is formed by adding chromate of 
lead to melted nitrate of potash, and dissolving, out the 
chromate of potash and excess of nitre by water. It is o^ 
a beautiful red color. 

The following metals, Vanadium, Tungsten, Molyb- 
denum, Osmium, and Columbium, arq not applied to any 
purposes in the arts, or are so rare as not to be of general 
interest. Titanium might be included in the same obser- 
vation ; it is, however, deserving of remark as being a red 
metal like copper, and titanic acid, one of its oxygen com- 
pounds, is used in the coloring, of artificial teeth. 



LECTURE LXIIL 

Arsenic. — Preparation of the Metal. — Propertiee of Ar* 
eeniout Add. — Thoo Varieties of it. — Two methods itf 
detecting it. — Process in Cases ^Poisoning. — Sulphur- 
eted Hydrogen Test. — Marshes Test. — The Copper Test. 
— Difficulties arising from Antimony. 

ARSENIC. As =377. 

Arsenic is obtained by sublimation in a current of air 
of the arseniuret of cobalt and iron, the vapor condensing 
as a white oxide. This being inixed with powdered char- 

Wbat k tiie oonstitataoD of the two chromatec of potash 7 What ii 
ohrome yellow t What is the color of titanium 7 From what sabstanoes, 
and in wh^t manner, is ars^nioos ttcid ppepwtibd 7 



M§ coMrouNXw or ambnic. 

i^.Mft coalj or black flux, and heated, die metallic ane- 
Jk nic sublimes. The process may be conducted in 
M a tall vial imbedded m a crucible filled with sand, 
MM two thirds of the vial projecting above the heated 
1 M sand. On this cooler portion the metal condenses. 
yM It is also sometimes found in a native state. 
Arsenic is a metallic body, of an aspect darker than cast 
iron ; it is very brittle, its specific gravity is 5*88, and, when 
slowly sublimed, it crystallizes in rhombohedrons. At 
366^ F. it subHmes without undergoing fusion, its melting 
point being much higher than that of sublimation. Its va- 
por has a smell of garlic, as may be readily recognized by 
throwing a little arsenious acid on a red-hot coal. Arse- 
nic prepared by black flux tarnishes, it is said, from con- 
taining a little potassium. Among its compounds, the fol- 
lowing may be mentioned : 

Anenioiu acid jOg03= 99*439. 

Anenic «cid ~ . AffOs 3=115*465. 

Protoflnlphxiret of anexiic . . . , A»8 =53*8. 
Seiqnifliilpharet of aneoic . . . At jS^a c: 123*7. 
Ajseniureted hydragen .... A»H = 38*7. 

Arsenious Acid is formed when arsenic ia sublimed in 
atmospheric air. It is a white substance, which, when 
the process is conducted slowly, crystallizes in octahe- 
drons. Similar octahedral crystals may be obtained by 
heating arsenious acid itself in a tube to 380^ F. When 
the operation has b6en recently performed and a }arffa 
mass sublimed, it is a glassy, transparent body, which va 
the course of time sloidy becomes milk-white. The spe- 
cific gravity of arsenious acid is 3*7. It is nearly taste- 
less, of sparing solubility in water, the two varieties dif- 
fering in this respect. By 100 parts of water, 11'5 of the 
opaque, but only 9*7 of the transparent, are , dissolved. 
This sttbstf^nci^ passes currently under the name of arse- 
nic. It ought not to be forgotten that the arsenic of chem- 
ical writers and that of commerce are very different bod- 
ies : the one is black and the other white ; the one is a 
metal and the other its oxide. 

Arsenious acid may be detected by several methods. 

How if the metal obtained fiom it 7 What are its propertieaf Wliak 
it the odor oTita vapor? Why can not it be melted 7 From the metal, 
uow may arsenious acid be procured ? What change does the glassy vm* 
nety undergo in time ? Of these varieties, which is most soluble m water T 
W3iat is th4 diJTerepoe between the anieme of obemifts aad tb» M—nio 
of cbiMTnerce 7 * ' ■' 



TESTS FOR AMBKVIG, 2B9 

ist. Wi^ ammonia Bolphate of cc^per, it gives an 
emerald green precipitate; the arsemte of copper, or 
8cheele*s green. 

2d. With the ammonia nitrate of silver, a canary yel- 
bw precipitate ; the arsenite of silver. 

3a. With sulphureted hydro^n, a solution, previously 
acidulated with acetic or muriatic acid, yields a yellow pre- 
cipitate, the sesquisulphuret of arsenic, orpiment. This^ 
when dried and '^ited with black flux (a mixture of 
charcoal and carbonate of potash, ootained by igniting 
cream of tartar iu a covered crucible), yields a sublimate 
of metallic arsenic. 

4th. With the materials for generating hydrogen gas ; 
that is, sulphuric acid, zinc, and water, placed in a bottle ; - 
if arsenious acid be present, arseniureted hydrogen is dis- 
engaged. When set on fire, it bums with a pale blue 
flame, emitting a white smoke ; and if a piece of cold glass 
be held in the flame, there is deposited upon it- a black 
spot o£ arsenic, sun'ounded by a white border of arsen- . 
ious acid. This stcun is volatilized on heating the glass. 
Or if the arseniureted hydrogen be conducted through a 
tube of Bohemian glass, made red hot at one point by a 
spirit lamp, it is decomppsed, and metallic arsenic depos- 
ited on the cooler portions beyond the ignited space. 

5th. If a solution containing arsenious acid be acidu- 
lated with hydrochloric acid, and boiled with slips of cop- 
per, the metallic arsenic is deposited upon the copper hs 
an iron gray crust. 

In cases of poisoning by this substance, it is unsatisfac- 
tory to apply, m the first instance, color-giving tests, such 
as the first, second, and third ; as the liquid obtained from 
the stomach is itself highly colored and turbid. It is, 
therefore, desirable to examine that organ and its contents 
minutely, endeavoring to discover any white granules, or 
specks, which may be supposed to be arsenious acid, and 
if such are found, to examine them separately. 

The contents of the stomach, the larger pieces having 
been divided, are to be boiled in water, and strained 
through a linen cloth. A current of chlorine gas passed 

What is the action of ammonia sulphate of copper on arsenious acid f 
What of the ammonia nitrate of silver ? What of sulphureted hydrogen.? 
What is t^e process for detecting it by arseniureted hydrogen ? What is 
that by copper 1 In cases of poisoning, why can riot color tests be applied I 
How IS the liquid obtained frcmi the s'tomach to be clarified 7 

Bb 



290 MAB8H8 TEST. 

through this liquid coagulates and s^arates much of the 
animcd matter; or, what is more conyement, if the solu- 
tion be first acidulated with nitric acid,' and then nitrate 
of silver be added, much of the animal matter may be re- 
moved. By the addition of a solution of comtiion salt, tlie 
excess of die silver salt may be precipitated, and the 
liquor being filtered, is then fit for the third or fourth of 
the ft)regoing tests. 

In the application of sulphureted hydrogen, the liquor 
having been clarified as just stated, the gas is passed 
through it until it smells strongly. It is then to be boiled 
for a short time, to expel the excess of gas, and filtered. 
The yellow precipitate of sesquisulphuret of arsenic, or 
orpiment, which is collected, is to be thoroughly dried, 
and introduced, with twice its bulk of black flux, into the 
Fi^. M6. bulb, a, of a tube, such as Fig. 266, made ot 
^y^ hard glass. On the temperature being rais- 
j.y^^^ ®d ^y a- lanip» metallic arsenic sublimes, 
ayi£^^ forming an iron black ring round the part, 
^r^ h. By cutting off the bulb of the tube and 

heating the black crust gradually, it slowly sublimes to- 
ward the colder part, producing a white deposit of ar- 
senious acid in octahedral crystaJtt. 

In the application o(. Marsh* 8 test^ the liquor, having 

been cleared either by chlorine or by nitrate of silver, as 

above described, is to be introduced into a bottle c(»i- 

taining dilute sulphuric acid and zinc, a tube, bent as 

Fig. a«7. represented in Fig. 267, a, passing lat- 

jS*^ / Wl 'b orally from the cork; arseniureted hy- 

jl ^hL^ drOgen now passfes off, and may be set 
/\ on fire as it escapes from the end of the 

■■■ tube, and examined by holding in the 

^i^ flame a piece of cold glass, b. If no spot 

be produced, then the tube, which for thisxeason should 
be made of a hard glass not containing lead, is to be ignit- 
ed by a spirit lamp ~at the point «r, and the gas will de- 
posit its arsenic a little beyond that point. In this man- 
ner, the tube being kept red hot for hours, the smallest 
. quantity of arsenic may be discovered. 

If the liquor, notwithstanding the care taken to clear it, 

T>e«oribe the test by stilpliureted hydrogen. Describe March's test 
may a small qaantity of pietal be separated from a large qnantity of 
by this test ? 
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GnUks when the hydrogen is disengaged, so as to intei- 
fere with the results by choking the .tube, the gas is best 
collected under a jar at the pneumatic trough, and may be 
subsequently ei^mined. 

The fifth test, by copper, may be sometimes advanta- 
geously applied to collect the arsenic from solutions ; the 
crust upon the copper may be subsequently examined, ei 
ther by sublimation or otherwise. 

It is to be remembered that antimony will yield results 
closely resembling those of arsenic by Marsh's test ; but 
on heating the glass plate on which the stain has been de- 
posited, if it be arsenic, it will totally volatilize away; but, 
if antimony, though the flame of a blow-pipe be thrown 
upon it, it will not disappear, but only gives rise to a yel* 
low oxide, which turns white on cooling. 

In medico-legal investigations, it should also be re- 
membered lliat, as sulphuric acid and zinc of commerce 
sometimes contain arsenic, it is absolutely necessary that 
the specimens about to be used be critically examined 
themselves by being tried alone before the suspected so- 
lution is added. 



LECTURE LXIV. 

Arsenic. — Antiseptic Quality of Arsenious Acid, — Anti" 
dote for Poisoning, — Arsenic Acid. — IsomorpTious with 
PTiosphoric Acid, — Realgar and Orpiment, — Arseniuret- 
ed Mydrogen, — Antimony.—^ Reduction of, — Oxides^ 
Chlorides^ and Sulphurets of-^Antimoniureted Hydro-, 
gen, — Detection of Antimony, — Tellurium. — ^Uranium, 
— Copper. — Reduction of, — Use of Oxide, — Detection 
of, — Salts of Protoxide, 

Arsenious Acid possesses a remarkable antiseptic qual- 
ity, and hence often preserves the bodies of persons who 
have been poisoned by it. Advantage is also taken of this 
fact by the collectors of objects of natural history in pre- 
servings their specimens. 

Wben the Uqaid froths, what onine is to.be porsaed ? When may the 
test of copper be advantageously applied ? What metal dbsely resembles 
anenic in these respects ? Why is it necessary to examine the snlphorio 
acid and zinc employed in these experiments ? Does arsenious acid pos- 
sess an antiseptic quality ? 
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The antidote ibr poisoning by sra^nic is the hydrated 
iesquioxide of iron. , It may be made by adding carbonr 
ate of soda to the muriate of iron* It slM>uld be giYOQ in 
the moist state, mixed widi water. After Jbemg on<^ 
dried, it loses much of its power. It produces an inert 
basic arsenite of the peroxide of iron. 

Artmie Acid is found in nature in union with various 
bases. It may be made by acting on aisenious acid with 
nitric acid, with the addition of a little hydrodbloric acid, 
and evaporating till the nitric acid is expelled. The re- 
sulting acid contains three atoms of water, and is isomor- 
phous with tribasic phosphoric «cid. The arseniates yield, 
with nitrate of silver, a dark-red precipitate of the tribar 
sic arseniate of silver. The monobasic and bibasic forms 
of the acid are not known. It should not be forgotten in 
medico-legal inquiries respecting arsenic, that the arse- 
niate of lime may naturally replace phosphate of lime in 
bone earth, and this acid substitute the phosphoric in other 
parts of the system. 

The protosulphuret of arsenic may be obtained by melt- 
ing arsenious acid with sulphur. It occurs as a mineral 
Realgar, and is a red-colored substance. 

The sesquisulphuret is deposited when a stream of sul- 
phureted hydrogen is passed through a solution of arse- 
nious acid. It is a yellow body, and is used in dyeing ; 
it is also known under the name of Orpiment. 

Arseniureted Hydrogen is prepared by acting on an al- 
loy of zinc and arsenic with dilute sulphuric acid. It is 
a colorless gas, bums with a blue flame, exhales an odor 
like garlic. , Its specific gravity is 2-695. It is decom- 
posed by chlorine, iodine, and the arsenic is separated by 
heat and by the rays of the sun. 

AIJTIMONY. Sh = 64-6. 

This metal occurs commonly as a sesquisulphuret in 
nature, from which it may be obtained by heating with 
iron filings, a sulphuret of iron forming, and metallic an- 
timony subsiding to the bottom of the crucible.. It may 
also be obtained by fusing the sulphuret with black flux. 

What ia the antidote for thia poiaon? How is it prepared? How is 
arsenic acid prepared ? What fact arises from the isomorphism of arsen- 
ic and phosphoric acids? What is realg^ar ? What is orpiment? How 
™*y Mjeniareted hydrogen be made ? From what source is antimony «l>. 
tamed 7 What is the process for its preparation ? 
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which produces ^ sulpkuret of potassium and metallio 
antizoony. 

Antimony is a blue-white metal, of a very crystaUine 
structure, and so brittle that it may be pulverized. It 
melts at 810^ F. Its specific gravity is 6*7. It possess- 
es, at high temperatures, an intense affinity for oxygen ; a 
fragment of it the &ize of a pea being ignited oh a piece 
of charcoal before the blow-pipe, and then suddenly thrown 
on the table, takes fire, breakmg into a multitude of glob- 
ules, and filling the air With ^mes of the white sesqui- 
ozide. Antimony yields the following compounds : 

. SbjtOi =153-S99. 
. 8ba04, x=l€l-253. 
. Sbi06 = 160-265. 



Besqaioxideof antimoay * 

^ntimonioiM acid . . . . 

Antimonic acid . . . . 
Besqnichloride of antimony 

Perchbride " ^ 

Besqaiaiilphnret " 
Feraalphuret 



aalpJ 
Oxysmpharet 



fifftj,C/3 = 235-46, 
. SbaCk=^ 306-9, 
, 8bt8i =177-5. 
. SbiSb =3=209-7. 
. 8£f6a 89 + 8bi Ox =s MS-S. 



The Sesquiaxide of Antimony may be made by adding 
to an acid boiling solution of chloride of antimony car- 
bonate of soda. It is a gray powder, and is the base of a 
class of salts, among which tartar-emetic may be men- 
tioned. These salts give an orange-colored precipitate 
with sulphureted hydrogen. 

Antimonums Acid is produced by heating the oxide of 
antimony, or antimonic acid. It is a white powder, and 
unites with bases, forming antimonites. 

Antimonic Acid may be prepared by acting on metallic 
antimony with nitric acid. 

Sesquichloride cf Antimony is made by dissolving one , 
part of sulphuret of antimony in five of hydrochloric acid, 
and distilling. As soon as the matter which paisses over 
becomes solid, the receiver is to be changed, and, contin- 
uing the heat, the sesquichloride is collected. It was for- 
merly known as butter of antimony. The perchloride 
may be made by burning antimony in chlorine gas. The 
oxy chloride is produced when the sesquichloride is placed 
in contact with water. It was formerly known as pow- 
der of algaroth. 

The sesquisulphuret occurs abundantly as a mineral, as 

Wliat are its properties 1 What color is the precipitate gelded by the 
•alts of the iesquioxide and i^ulphureted hydrogen ? How is antimoniouB 
acid prepared 1 What is the butter of antiniony ? What is the powder 
of altfaroth ? What is the aspect of tiie native sesqaisulphuret? 
Bb2 
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has been said. It is also formed by the action of Balphu- 
rcted hydrogen on the salts of the oxide of antimony. In 
this case it is of an orange color, in the former it has a 
metallic aspect. The perstdphuret is procured when the 
sesquisulphuret and sulphur are boiled in a solution of 
potash, the liquor filtered, and on acid added, a yellow 
precipitate gomg down. It was known formerly as the 
Golden Stdpkuret ofAntinumy. The oxysulphuret occurs 
native as the red ore of antimony, and may also be made 
by boiling the sesquisulphuret with a solution of potash. 
Chi cooling, precipitation of it takes place. It is stated, 
however, by Berzelius, that this is not a true compound, 
but merely a mechanical mixture of the oxide and sulphu- 
ret in irregular proportions. This precipitate is also known 
under the name of Kermes Mineral, From the liquor, af> 
ter the kermes is separated, an acid throws down the gold- 
en sulphuret of antimony. 

Jjitinumiureted Hydrogen, — When hydrogen is evolved 
from a solution containing tartar emetic (tartrate of anti- 
mony and potash), this substance is produced. It is a gas, 
having a superficial resemblance to arseniureted hydro- 
gen, and when used as in Marsh's apparatus, gives a stain 
on glass resembling that of arsenic. From arsenic it may 
be distinguished by not being volatile. 

The soluble salts of antimony may be distinguished by 
giving an orange precipitate with sulphureted hydrogen, 
soluble in sulphuret of ammonium, but again precipitated 
by an acid. 

Antimony furnishes some valuable alloys: printer's 
type metal, for example, is an alloy of this substance with 
lead. It expands in the act of solidifying, and, therefore, 
takes accurate impressions of the interior of a mould. 

TELLURIUM. Te = 64-2. 

TsLLURiuM is a rare metal, of a white color, very fusi- 
ble and volatile, having several analogies with selenium, 
and uniting with hydrogen to form tellureted hydrogen, 
which, with water, yields a claret-colored solution^ 

URANIUM, I7=x 217, 
is likewise a very rare metal, of the nature of which there 

What ifl the golden snlphnret? What is Kermes mineral f How u 
•ntunoninreted hvdiogea made ? How may the aalti of aatimouy be dia- 
tinguished 7 What are the pcopert'os of telfauinm 7 
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are considerate doubts, it bein^ supposed that what was 
formerly regarded as the metal is in reality its protoxide. 
It may be remarked, if these observations are incorrect, 
that uranium has the highest equivalent of any of the ele* 
mentary bodies. It is used to a small extent to give black 
and ye&ow colors to porcelain. 

COPPBR. C«=s31-S. 

Copper is: often found native, and in certain parts of the 
United States in masses of very great magnitude. It also 
occurs as s carbonate and sulphuret. In the latter com> 
bination, it is found with the sulphuret of iron, as yellow 
copper bte. This being roastefl, the sulphuret of iron 
changes into oxide, the copper sulphuret remaining un- 
changed. The mass is then heated with sand, which 
yields a siHcate of iron, the sulphuret of copper separa- 
ting. This process is repeated until all the iron is parted ; 
and now the sulphuret of copper begins to change into 
the oxide, which is finally decomposed by carbon at a high 
temperature. 

Copper is a red metal, requiring a high temperature for 
fusion. Its specific gravity is 8*617. It has great tenac- 
ity, and is ductile and malleable. A polished plate of 
it, heated, exhibits rainbow colors, and is finally coated 
with the black oxide. It is one of the best conducton^ of 
heat and electricity. Among its compounds, the follow-* 
ing may be mentioned : 

Protoxide of copper ... . CuO = 39-613. 

Suboxide " C«a a = 71-213. 

Chloride " CuCl =66-02. 

Dichloxide " Cii^ei:s=9869, 

Disulphuret ',' ..... Cu^S =79-32. 

Protoxide of Copper may be made either by igniting me- 
tallic copper in contact with air, pr by calcinmg the ni- 
trate. It is a black substance, not decomposable by heat, 
but yielding oxygen with facility to carbon and hydrogen, 
and hence extensively used in organic analysis. It^^is a 
base, yielding salts of a blue or green color. The sub- 
oxide, called, also, red oxide, occurs native as ruby cop- 
per. It is a feeble base. The disulphuret also occurs 
native, as copper pyrites. 

What ia remarkable as respectB the alleged at6mio weight of nramnmf 
Under what forms does copper naturally oceor T What is the process for 
its reduction? What are its properties T Which of its oxides is used is 
argBmo analysis 1 
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Copper IB easily detected. Caustic potash giTos, with 
its protosalt, a pale-blue hydrate^ wbidi tarns black on 
boiling. Ammonia, in excess, yields a beautiful parple 
solution ; ferrocyanide of potassium, a chocolate brown 
precipitate ; sulphureted hydrogen, a black; and metallic 
iron, as the blade of a knife, precipitates metallic copper. 

SALTS OF THE PBOTOXIDB OF COPPBR. 

Carbonate of Copper.-^The neutral carbonate of cop- 
per is not known ; but there are several varieties of £« 
carbcmates. - One, which passes under the name of Miner- 
al Green^ is formed by precipitating with an alkaline car- 
bonate. It occurs naturally in the form of Malachite. 
Blue copper ore is another dicarbonate ; the paint called 
Qreen Verditer has a similar composition. 

Sulphate ^Copper — Blue Vitriol — ^is prepared for com- 
merce by the oxydaiion of the sulphuret of copper. It 
crystallizes in rhomboids of blue color, with four atoms of 
water. It is soluble in four times its weight of cold, and 
twice its weight of hot water. It is an escharotic, an as- 
tringent, and has an acid reaction. With ammonia it forms 
a c(Hnpound of a splendid blue color^ which may be ob- 
tained in crystals; with potash, also, it forms a double 
salt. Theie are also subsulphates of copper. 

Nitrate of Copper^ formed by the action of nitric acid on 
metallic copper. It ciystallizes in prisms, or in plates. 
It acts with very great energy on metallic tin. There is 
a subnitrate of copper. 

Arsemte of Copper — Scheele*e Green — ^produced by add- 
ing solution of arsenious acid to the solution of ammonia 
sulphate of copper. 

Copper yields several valuable alloys. Brass is an al- 
loy of copper and zino^ gun metal, bell metal, and spec- 
ulum metal, of copper and tin. The gold and silver of 
currency contain porticms of this metal ; it communicates 
to them the requisite degree of hardness. 

How ms^y copper be detected ? . Unjler what forms do the carbonates 
of copper occur f WTiatare the method of preparatloir and propertiei 
of the sulphate ? What is Scheele's green 1 What are brass, gon metal^ 
and bell metal T Why is silver and gold coinage alloyed 7 
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LECTURE LXV. . 

LzAs>.^-^RedMctwn ofCral^ena, — Relations of Lead to Wa* 
ter. — This Oxides of Lead, — Detection of Lead, — Bis- 
MtTTH. — S IL VER. — Amalgamation, — Gn/stallization,^^ 
CupeUatiofi, — Properties of Silver, — Salts of Silver, 

LEAD. jP* = 103-6. 

Lead occurs under various mineral forms, but the most 
valuable one is galena, a sulphuret. From diis it is read- 
ily obtained. The galena, by roasting in a reverberatory 
furnace, becomes partly converted into sulphate of lead ; 
the contents of the furnace are then mixed, the tempera- 
ture raised, and the sulj^hate and sulphuret produce sul- 
phurous acid and metallic lead, the action being 

PbO, iSO, + PbS •.. = ... 2SOi + PK 
' Lead is a soft metal, of a bluish-white color. Its spe 
cific gravity is 11-381. It melts at 612° F., and on the 
surface of the molten mass an oxide (dross) rapidly forms. 
At common temperatures it soon tarnishes. In the act 
of solidifying it contracts, and hence is not fit for castings. 
It possesses, at comnaon temperatures, the welding prop- 
erty ; two bullets will cohere if fresh-cut surfaces upon 
them are brought in contact. Under the conjoint influ- 
ence of air and water lead is corroded, a white crust of 
carbonate forming. But when there are contuned in the 
water small quantities of salts, such as sulphates, these 
form with the lead insoluble bodies, which, coating its 
surface over, protect it from faHher destruction. For 
this reason, lead pipe can be used for distributing water 
in cities without danger. Lead is one of the least tena- 
cious of the metals. The tartrate of lead calcined in a 
tube yields one of the best pyrophori. 0n bringing it 
into the air at common temperatures, it spontaneously 
ignites. 

Of the compounds of lead, the following are some of 
the more important : 

Under what fbrm does lead chiefly occnr? How is galena rednce^f 
' Why can not lead be nsed for eastings T What ii the action of pare wa^ 
ter, and water containing salts, npon it % 
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Protoude of letd PhO =111-013. 

Sesqnioxide " P^iOs = 331-339. 

Peroxide ** PAO, = 119-686. 

Bedoxide " Pi j O4 = 343-853. 

Chloride " PbCl =13963. 

Iodide " Pbl =839-9. 

Bnlphnret " PbS =119-7. 

The protoxide is made by heating lead in the air ; it ifi 
1 yellow body^ which fhses at a bright red heat lu the 
first state it is called massicot ; in the latter, litharge. It 
^elds a class of salts, bein^ a base. It is shghtly soluble 
m water. The peroxide is made from red lead by di- 
gesting it with nitric acid, which dissolves out the protox- 
ide, and leaves the substance as a puce colored powder. 
The red oxide, or red lead, Is made by calcining lead in 
a current of air at 600^ or 700^ F. It is used in the 
manufacture of flint glass. The chloride is made by the 
action of hot hydrochloric acid on protoxide of lead : on 
cooling, it is deposited in crystalsi The iodide is formed 
when any soluble iodide is added to a protossdt of lead ; 
it is a beautiful yellow precipitate, soluble in boiling 
water, forming a colorless solution, which,' on cooling, de* 
posits golden crystals. The sulphuret is g^alena ; it crys- 
tallizes in cubes, and has a high metallic lustre. 

Lead is easily detected by sulphureted hydrogen, which 
throws it from its solutions as a deep brown or black pre- 
cipitate, and by the iodide of potassium or chromate of 
potash, which gives With it a yellow precipitate. Sul- 
phuric acid yields with its salts a white insoluble sulphate 
of lead. 

SALTS OF THE PROTOXIDE OF LEAD. 
Carbonate of Lead — White Lead — Ceruse. — This salt 
forms as a white precipitate when an alkaline carbonate 
is added to a solution of a salt of lead. Large quantities 
of it are consumed in the arts as white paint. For com- 
merce it is procured by mixing litharge with water con- 
taining fe small proportion Of acetate of lead ; carbonic 
acid gas is then sent over it, and the carbonate rapidly 
forms. It is also made by exposing metallic lead in 
plates to the action of the vapor of vinegar, air, and moist- 
ure, the metal becoming ojcydized and carbonated. 

^ What is massicot ? How is it prepared ? What is litharire 7 How 
IS the peroxide prepared T How is miniom made T How may lead be 
detected 1 Mention some of the motlio;l9 by which wbitu lead inav be 
tnade. 
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Nitrate of head may be formed by dissolving lidiarge 
In dilute nitric acid \ it crystallizes in opaque white octa- 
hedrons, which dissolve in seven or eight times their 
weight of cold water. They contain no water of crystal- 
lizatiouy and are decomposed at a red he^, as stated in 
the description of nitrous acid. By the action of ammo- 
nia, three other nitrates of lead may be obtained. 

Among the alloys of lead are the soft sold^s. Two 
parts of lead and one of tin constitute plumber^s solder; 
one of lead and two of tin, fine solder. 

BISMUTH. Bi =? 7107. 

BisMtUTH is found both native and as a sulphuret. It is, 
of a reddish^ color, melts a{ 497°, and may be obtained in 
beautiful cubic crystals by cooling a quantity of it until 
solidification commences, then breaking the surface crust 
and poiirihg out the fluid portion. 

When bismuth is dissolved in nitric acid, and the solu- 
tion poured into water, the white subnitrate is deposited, 
once used as a cosmetic ; when this is washed, and sub- 
sequently heated, the protoxide is left. There is also a 
peroxidie. 

Fusible metal is an ajloy of eight parts of bismuth, five 
of lead, and three of tin ; it melts below the boiling point 
of water, and may be obtained in crystals. 

SILVER, ^g'ss 108-31. 

Silver is found native, and as a sulphuret and a chlo- 
ride, occurring, also, with a variety (^ other metals, and 
in small proportion with galena. When disseminated as 
a metal through ores, it may be collected from then( by 
amalgamation with quicksUver, and, on distilling, the 
quicksilver is driven off. 

When it is obtained from the sulphuret, that ore is 
roasted with common salt, which changes it into a chlo- 
ride. This, with the impurities with which it may be 
associated, is put into barrels, which revolve on an axis, 
along with water, pieces of iron, and metallic mercury ; 
the iron reduces the chloride to the metallic state, and 
the silver amalgamates with the mercury. This is washed 
i&om the impurities, strained through a bag to separate 

What change does the nitrate undergo at a red heat ? Of what are the 
common solders composed ? What are the properties of bismnth ? What 
is fasible metal ? Under what forms does silver commonly occar ? How 
U it re(hiced from the siilphnret \ 
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the excess of mercury, and the residae is driven off by 
distillation. 

Tbe extcaotion of silver, when it occurs in small quan- 
tity with lead, has been recently much improved by the 
introduction of the process of crystallization. It depends 
upon the fact that an alloy of lead and silver is more fbsi 
ble than lead. A large quantity of argentiferous lead is 
melted and allowed to cool. As the setting goes on, the 
first portions which solidify are pure lead ; diey may be 
removed by iron colanders, end by continuing the process 
there is finally left a portion containing all the silver. 
This is exposed to a red heat, and a stream of air direct- . 
ed over it ; oxydation of the lead takes place, and the 
litharge is removed by the bl^t, the process being finally 
completed by cupellation. 

A cupel is a shallow dish made of bone ashes, and is 
very porous. In this, if an alloy of lead and silver be heat- 
ed with access of air, the lead oxydizes, and, melting into 
a glass, soaks into the cupel, or may be driven from the 
surface by a blast of air directed firom a bellows. At the 
flame time, any copper or other base metal oxydizes and 
is removed along with the lead. The completion of the 
process is indicated by the silver assuming a certain brillr 
lancy, or flashing, as the workmen term it. 

Silver is a white metal capable of receiving a brilliant 
polish. It is malleable and ductile, an excellent conduct- 
or of heat and 0lectricity. Its specific gravity is 10*5. It 
nielts at 18730 F., and when melted absorbs a large quan- 
tity of oxygen, giving it out again as soon as it solidifies, 
and assuming a fi'osted or porous appearance. The pres- 
ence of a minute quantity of copper prevents this effect. 
Silver is so sofi: that, for making plate or coins, it requires 
to be alloyed with a portion of copper ; from this it may 
be purified by dissolving it in nitric acid,.and precipitating 
the silver as chloride by a solution of common salt. Sil- 
ver shows little disposition to unite with oxygfen, though 
it tarnishes readily by the action of sulphureted hydrogen. 
It yields three oxides, but cf its compounds the following 
are the most important : 

What ifl the process of amalgam a tion T What is 'the prooess of cJTStal- 
lization ? What is the process of capellation T What are the propertiea 
of silver? Why does it frequently reqnire to be albyed with copper f 
What reiinarkable relation does it possess to oxygen t 
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ProtmddeofsUver, . . . , AgO ^116-223: 
Chloride *'.... AgCl = 143-78. 

Iodide " .... Agl = 234-48. 

Sulphnret " .... AgS =124-43. 

The protoxide may be made by the action of caustic 
potaah on a solution of nitrate of silver, or }m boiling re- 
cently-prepared chloride in potash. It is a dark powder, 
which may be reduced by heat alone. The chloride is 
sometimes found native, as horn-silver, and may be made 
by precipitation from the nitrate by hydrochloric acid, 
or a soluble chloride. Like the iodide, it turns dark on 
exposure to the indigo rays, and hence is used in photo- 
genic drawing. The sulphuret is produced whenever sul- 
phureted hydrogen acts on oxide of silver, or even metal- 
lic silver ; it is a black compound. 

Silver is easily detected by precipitation as a chloride : 
a curdy, white precipitate, insoluble in water, but soluble 
in ammonia. It turns dark on exposure to the Qun. 

SALTS OF THE PBOTOXIDB OF SILVER. 

Nitrate of Silver — Lunar Caustic — ^ptocured by dissolv- 
ing silver in nitric acid, diluted with twice ita weight of wa- 
ter* It crystallizes in tables which are not deliquescent and 
contain no water of crystallization.^ It enters into fusion 
at 426^ F., but at higher temperatures undergoes decom- 
position. It is frequently cast into small-sticks and used by 
surgeons as a cautery. It is soluble in its own weight of 
cold and half its weight ofiiot water, and, when in contact 
with organic matter, turns black in the rays of the sun. 

Ammoniuret of Silver — Berthollet^s Fulminating Silver — 
is formed by digesting precipitated oxide of silver in am- 
monia. It explodes with the utmost violence under the 
feeblest friction^ with the evolution of nitrogen and the 
vapor of Water. 

How may (iie protoxide be prepared ? What ofaao^es do the ehloride 
Knd iodide exhibit under the ili0aeiice of light 7 How may silirer be de- 
tected 7 How is lunar caastic made 7 



MEEOUBT. 



LECTURE LXVl. 

Mbrcuey,— Procwf of Reduction, — The Liquid State oj, 
— Its Oxides, — Calomel and Corrosive SMimate,— -De- 
tection of Mercury, — Its Salts. — Amalgams, — ^Gtold. — 
. Chloride of, — Purple of Cassius, — Paixadium. — Pla 
TiNUM. — Its Catalytic Effects. — Platinum Black. — ^Irid- 
ium. — Rhodium. ' 

. MBECUBY. Hg = fi09. ' 
Mercury may be obtained from the bisulpburet (cm 
nabar) by distillation with iron filings. It is also, to a 
certain extent, found native. 

The striking characteristic of mercury is its liquid condi- 
tion. Its melting point is the lowest of that of any of the 
metals, being — 39° F. Its specific gravity At 47° F. is 
13-545. It boils at 662'' F. Kept at that temperature in 
the air for a length of time, it produces red oxide i but 
at common temperatures it is not acted on by the air. It 
may be freed from impurities for the purposes of the lab- 
oratory, by being kept in contact vtrith dilut^ nitric acid. 
It gives the following <sompounds of interest : 



Protoxide of meicaiy .... HgO =210*013 
'^ •' . HeOf =218-026, 

. S^Cl s= 237-42, 
. I&Cli = 272-84. 
HffS =2181. 



Peroxide 

Protochloride 

Bichloride 

Protosolpboret 

Bisulphoret 



JUffi^ =S 
^gSt =234-2. 

The protoxide may be made by triturating calomel 
widi potash water in a mortar. It is a black powder, 
which is decomposed by light or any of the reducing agents. 
The peroxide may be formed, as stated abo.ve, by the ac- 
tion of air on hot mercury, but more easily by dissolving 
mercury in nitric acid and evaporating and heating the 
salt until; no more fumes of nitrous acid are evolved. It is 
a red powder, and when warmed becomes almost black, 
the color returning as the temperature descends. Like 
the former, it is a base, and yields a class of salts.. 

The Protochloride, or Calomel, may be made by adding 
hydrochloric acid to the protonitrate of mercury, or by sub- 

Under what £orma does mercury commonly occort What is the moat 
striking property of this metal ? How may it he parified 1 What are 
the proportips of t\^e protoxide and peroxide ? Wliat is calomel ? 
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liming a mixture of bichloride of mercury and mercury. 
It is a white powder, insoluble in water, and darkens 
slowly by exposure to sunshine. The bichloride (or Cor- 
rosive Sublimate) is formed when mercury bums m chlo- 
rine gas, but more economically by sublimation from a 
mixture of persulphate of mercury and common salt. It 
is a heavy, white, crystalline body, soluble in water, has 
a metallic taste, and is poisonous. The antidote for it is 
albumen (the white of an egg). 

Of the sulphurets of mercury, the protosulphuret is 
black, and the bisulphuret commonly red ; in this case it 
passes in commerce under the name of vermilion, and is 
used as a paint. It can' be obtained, however, quite black, 
a peculiarity already obserred in the case of 'the perox- 
ide, and still more strikingly in the biniodide, which may 
be sublimed in beautiful yellow crystals, which become 
of a splendid scarlet color by merely being touched. 

Mercury may be detected by being precipitated from ' 
its soluble combinations by metallic popper as a metal. 
Its salts, either alone or with carbonate of soda, heated in 
a tube, yield metallic mercury, which volatilizes. 

SALTS OF THB OXIDES OP MERCUEY. 

Nitrates of the Oxides of Mercury. — ^When cold dilute 
nitric acid acts on mercury it gives rise to neutral or basic 
protosalts, as the acid or mercury is in excess ; if the acid 
be hot, a pemitrate forms ; these salts are decomposed by 
an excess of water, giving rise to basic compounds. The 
neutral pemitrate exists in solution only. 

Persulphate of Mercury is formed by boiling sulphuric 
acid and mercuiy, and evaporating to dryness. It occurs 
in the form of a white granular msiss, and is decomposed 
by water, giving a yellow precipitate, a subsulphate call- 
ed Turpeth Mineral. 

The alloys of mercury are called amaXganis ; the amal- 
gam of tin is used for silvering looking-glasses, and that 
of zinc, for exciting electrical machines. 
GOLD. i4a = 199-2. 

Gold is found native, and may be obtained by washing 

What is oorrosiTe snblimate ? What is the antidote to it 7 For what 
parpose Sa the bisalphnre^ employed ? What change oecan to the yel- 
low oiniodide when it is tonched ? How may mercury be detected 7 How 
are the protonitrate and the persnlphate prepared? Under what forma 
does goldoocar? 
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or hf amalgamation with mercury. ^It may be purified 
from silver by quartation; that is, fasing it with three 
times its weight oi silver, and then actiAg on the mass 
with nitric acid. The gold is left as a dark powder. 

From all other metals gold is distinguishcMi by its yel- 
low color. Its specific gravity is 19-3. It melts at 2016^ 
F. It is the most malleable of all the metals, as is proved 
by gold-leaf, T^ch may be obtained jirTVirir ™<^^ ^^ thick- 
ness ; is not acted upon by the air or oxygen. Objects 
of art covered with it have retained their brilliancy for 
thousands of years. No acid alone dissolves it; but it is 
soluble in aqua regia^ and also by chlorine. 

It can, however, be made to yield two oxides, a -pro- 
toxide and a teroxide ; and two chlorides having the same 
constitution; the terdiloride is formed by the action of 
nitromuriatic acid (aoua regia) on gold. When evapora- 
ted, it yields red, deliquescent crystals. Deoxydizing 
agents, such as protosulphate of iron, reduce it to the me- 
tallic state i this is probably doe to their decomposing 
water and presenting hydrogen to the chloride. Hydro- 

fen gas decomposes the terchloride, and, by heating it, it 
rst changes into the protochloride and then into metallic 
gold. With a solution of tin it forms the Purple of Cos- 
aiua. This and the action of protosulphate of iron serve 
as a test for it. 

PALLADIUM. P«i = 53-3. 

Palladium is found associated with platinum, and is 
best obtained from the cyanide of palladium by ignition* 
It is a white metal, requiring a high temperature for fu- 
sion ; specific gravity 11*5. It does not tarnish in the air, 
is dissolved by nitric acid and aqua regia, is one of the 
welding metals, and, when heated, acquires a purple oxy- 
dation like watch spring. It is used to some extent by 
dentists^ Its compounds are not of importance. 

1>LATINUM. iV = 98-84. 

Platinum is foxmd native, biit always associated with 
other metals. It is obtained by first forming a chloride 
of platinum and ammonium ; this, when ignited, leaves 

Wbat is qaartatiOQ? What are the properties of this metal? How 
mtLoy oxides does it yield 7 How is the terchloride prepared ? What is 
the purple of Oassias 1 With what metal is paUadiam j^enerally asaoci- 
•ted? What are its properties 1 Whatstiperfidal eneot takes plaea 
when it is heated in the air ? How is platinum obtained from its ores ' 
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pure spongy j^atinum, which being expos^ to powerful 
pressure, and then alternately made white hot and ham- 
mered, becomes a solid mass. 

Platinimi is a white metal. Its specific gravity is rery 
high, being 21*5. It can not be melted in a furnace, but 
fuses before the oxyhydrogen blow-pipe. It is a welding 
metal, and on this fact its preparation depends. It is very 
malleable and ductile, is not acted upon by oxygen, air, 
or any acid alone, but dissolves in aqua regia. It pos- 
sesses the extraordinary property of causing hydrogen 
and oxygen to unite at common temperatures, ah effect 
which takes place with remarkable energy when the 
metal is in a spongy state. A jet of hydrogen falling 
upon spongy platina in the air makes it red hot, and pres- 
ently af);er the gas takes fire. It also brings about the 
rapid transformation of alcohol into acetic acid, and va- 
rious other chemical changes. 

If a quantity of ether be poured into ^' **® • 

a glass jar, Fig, 268, and a coil of pla- 
tinum wire, recently ignited, be intro- 
duced, the metal contmues to glow so 
long as any ether is present. 

Platinum is invaluable to the chem- 
ist. It furnishes a vaiiety of imple- 
ments of great value, and is met with 
under the forms of crucibles, tubes, 
wire, foil, &c. 

Platinum Blctck is prepEired by slow- '- O 

ly heating to 212^ a, solution of chlo- '^ """^ ^ 

ride of platinum, to which an excess of carbonate of soda 
and some sugar have been added. It is a dark powder, 
and possesses the property of determining a variety (>£ 
chemical changes with much more energy than platinum 
in mass., 

Platinum can be caused to yield two oxides, which are 
not of any importance ; and two analogous chlorides, of 
which the bichloride, which is the coumaion platinum salt, 
is made by dissolving the metal in nitromuriatic acid, 

What is the specific gravity of this metal ? By what acid may it he 
dissolved? What remarkahle relations doei^ it possess to hydrogen gas ? 
Under its influence, what is alcohol transmuted mto ? What is platinum 
Wack? 

Cc2 
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and evaporating to- a sirup. It is ooluUe in Mrater and 
akohol, and is used for detecting the salts of potash. 

IRIDIUM. /r=z: 98-64. 

iridium is associated with platinum. It is said to have 
been found of specific gravity 26*00. Dr. Hare has ob- 
tained it 21'8 ; it is, therefore, the heaviest of the metals. 
Its name is derived from the different colors (iris) of its 
compounds. 

RHODIUM. i2 = 52-8. 

Like the former metal, rhodiui^ is associated with the 
platina ores. It is a hard white metal ; its specific grav- 
ity is 11*00, and is sometimes used to form tips to metal- 
lic pen& 

Wbafcare tfaepropeitiei of jridiamf What ara tfaoieaf ifaodlomf 



PART IV. 

ORGANIC CHEMISTRY. 



LECTURE LXVII. 



Peculiarities of Organic Bodies, — Their Constituent Ele* 
ments»— Prone to Decomposition, — Carbon always Pres- 
ent, — Compound Radicals. — Doctrine of Substitution.'^^ 
Types. — Action of Heat.—^EreifMcausis. — Propagation 
of Decay. — Action qf Adds and Alkalies, 

The theory of molecular arrangement, which has been 
already given, forms the foundation of organic chemistry. 
It asserts that the characters of compound bodies do not 
alone depend on the nature of their constituent elements, 
nor even on the' relative amount of those elements ; but 
that variation of physical forms may result from atoms of 
the same name and of the same number arranging them- 
selves in subordinate groups, which groups then unite 
with each other. 

The leading ultimate elements of organized bodies are 
carbon, hydrogen, nitrogen, and oxygen. Almost all or- 
ganic bodies arise from variations in the number and 
grouping of identical elements. 

Now a partial consideration of the conditions under 
which the theory of molecular arrangement acts, exhibits 
to us a most striking difference in the nature of the com- 

Eounds formed upon its principles and the compounds 
eretofore described as examples of inorganic chemistry. 
In the one, peculiarity of grouping is the grand feature ; 
in the other, the character of the combining elements. 
Urea differs fronv the cyanate of ammonia in the arrange- 
ment of its constituents only ; but the leading mark of dis- 
tinction between sulphuric and phosphoric acids is, that 
the one contains sulphur and the other phosphorus. 
The number of substances which, besides the four men- 

On what do the characters ef oompomid bodies depend ? Of what fooc 
leading elementaiy bodies are organic i^ubstances chiefly con^sed ? In 
what striking respect do these substances differ from inorganic onest 
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tioned aboTO, enter into the composition of organic bodies 
is very limited. Among such may be mentioned potash, 
soda, lime, magnesia, oxide of iron, chlorine, fluorine, sul- 
phur, phosphorus, and silica. Some of those bodies, such 
as alumina, which appear to take the lead in inorganic 
productions, are here .scarcely seen. 

While the laws of inorganic chemistry appear to be 
fully in operation as respects the bodies on the study of 
which we are now entering, there are some peculiarities 
which deserve to be pointed out. The remarkable insta- 
bility, or proneness to decomposition, which so many of 
them exhibit, generally tends to the production of second- 
ary compounds of a much more stable nature. At a red heat 
all organized bodies are decomposed; and as the ele- 
ments of which they consist are endowed with tiie most 
energetic affinities, any extensive elevation of tempera- 
ture tends to impress upon them a change. With but few 
exceptions, the attempts which have hitherto been made 
to produce them artificially have been abortive ; but this is, 
probably, rather due to our want of knowledge than any 
intrinsic impossibility in effecting such combinations. 

With the exception of a few bodies, such as ammonia, 
which, in point of fact, belong rather to inorganic chem- 
istry, all organized bodies contain carbon. Of late, by in- 
direct processes, chemists have succeeded in obtaining 
pseudo- organized compounds, into the constitution of 
which such bodies as platinum and arsenio enter. 

In inorganic chemistry we see a constant disposition to 
the binary form of union : a disposition which is well rep- 
resented by the electro-chemical theory. Thus, potassi- 
um unites vtrith oxygen, two bodies together, to form pot- 
ash ; and this, agam, with sulphuric acid, two bodies to- 
gether, to form sulphate of potash. In very many instan* 
ces, the same thing can be traced in organic chemistry ; 
only here, instead of having such bodies as ehlprine or 
iodine, potassium or sodium to* deal with, we find com 
pound bodies which discharge analogous functions. These 
bodies go under the name of compound radicals. They 
inay be divided into distinct groups, some discharging the 

What other elements are found among organic hodies T In their de- 
ooittpontion, whAt do~ they generally produce f Can any of tfaegs with- 
stand a red heat? Can thevbe formed by artifieial, meanr? What ia 
meant by oompoond radicali T 
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daty of electi'o-negjBydye, some of eleetro-^iositive, anid 
some of indifferent bodiep. In sevetal cases they hay« 
been insulated, but in others they remain at yet sja ideal 
or hypothedqal bodies. 

Tttbie qf'Compownd Radiealt, 



Amidogen. 


Lridiocyanogen. 


Acetyle. 


Oxalyle. 
Cyanogen. 


gagbo^^ogen. 


Kakodyle. 

Metbyfe. 


Ferrocyanogen. 


Uryle. 


Formyle. 


Ferridcyanogen. 


TBenzyle. 


Ootyle. 


Cobaltocyanogen. 


Salicyle. 


Amyle. 


Chromocyanogien. 


Cipnamyle. 


Glyceryle. 


Platinocyanogen. 


Ethyle. 





The qualities of bodies depending.as much on the mode 
of arrangement of their constituent particles as aa the 
chemical nature of those particles, it has been found con- 
venient to arrange them, in groups, according to their 
type of structure ; thus, for instance, in the former de- 

Sartment of chemistry, such bodies as hydrochloric, hy- 
riodic, hydrobromic acids may be arranged together as 
belonging to one type ; and from the first of these all the 
rest may be conceived as arising, by substituting an atom 
of iodine, bromine, fluorine, &;c., for the atom of chlorine 
which it contains. 

The bodies which can thus be substitute^ for each 
other appear to have certain relationships ; for the sub- 
stitution of a given substance can not' take place indiscrim- 
inately by all other bodies. As a general rule, in inor^ 
ganio combinations, electro-negative bodies can only be 
substituted by electro-negative, and electrotpositive by 
electro-positive. But many of the most prominent cases 
in organic chemistry are precisely the reverse. In them, 
for example, we, find chlorine, a powerful electro-nega- 
tive, taking the place of hvdrogen, an equally powerful 
electro-positive body, and, m the compound, dischargring 
all its functions. For these reasons, it has been supposed 
that the electro-chemical theory fails to furnish any ex- 
planation ; but I have proved that chlorine, like many 
other bodies, can assume difierent allotropic states ; at one 
time being an active electro-negative body, oxid at an- 
other quite passive. Moreover, it ought not to be for- 

What compoand radicals are known? Under what circumstances can 
bodies be sabstdtated for each other 7 Is there any difference in this re- 
spect between inorganic and organic bodies 7 
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gotten that hydrogen, in relation to carbon, is as much an 
dectro-negative body as chlorine itself. 

A chemical type ib, therefore, a Bystem, or group of 
atoms of a certain number, arranged in a certain relation- 
riiq> with each other. From this each atom may be dis- 
placed, and one of another kind tvibfixMxd. in its stead; 
^d this nuiy be carried forward until not one of the orig- 
inal atoms is left, the new group officiating in all respects 
like its predecessor. But should one of the atoms be 
displaced, and no new one substituted for it, then, the re- 
maming atoms chan^ng their position, the type is broken 
up and a new one is the result. 

Oiganic compounds, being for the most part composed 
of carbon, hydrogen, nitrogen, and oxyeen, exhibit a con- 
stant tendency to break up into subordinate groups, and 
eventually to give rise to the production of the simpler 
binary bodies, carbonic acid, water,, and ammonia. The 
carbon constantly inclines to unite with oxygen to form 
carbonic acid, the hydrogen, in the same manner, to form 
water, or, with the nitrogen, to produce ammonia ; and 
these tendencies may be satisfied in a variety of ways. 
Elevations of temperature in the open air at once give 
rise to carbonic acid, water, and iree nitrogen; or if in 
close vessels out of the contact of air, to an extensive se- 
ries of compounds, differing in estch case with the sub- 
stance exposed, and of a less complex constitution. Even 
in the air, at common temperatures, a slow action often 
goes on, as in the decay of wood or the souring of wine ; 
hence called eremacausis (slow combustion). 

When a combustible substance is ignited in the air at 
one point, the burning presently spreads throughout the 
whole mass ; and in the slow combustion, eremacausis, 
the same takes place. A substance undergoing such a 
diange, if placed in contact with another capable of un- 
dergoing it, propagates if» effect throughout the whole 
mass. For this reason, the decay of yeast, a ferment, im- 
presses a metamorphosis on sugar, compelling it to give 
off carbonic acid gas ; and putrefaction of fresh meat is eas- 
ily brought on by the contact of putrid animal matter. 

What is a chemical t^e 7 Under what circamstances do new types 
result 7 What are the binary bodies eventually proddced 7 Wh'M is tfa« 
result of elevation of temperature in the open air t What in close vessels f 
What ia meant by eremacausis ? In what respect does eremacauns ro- 
semble common combustion ? 
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Nhric, sulphuric, and other strong acids impress striking 
changes when heated with organic matters ; thus, when 
the former acts on starch, oxalic acid is formed ; when 
sulphuric add acts on oxalic, it totally destroys it, resolv- 
ing it into carbonic acid, carbonic oxide, and water. In 
the same manner, also^ basic bodies produce^striking chang- 
es, generally giving rise to the production of acids, and the 
evolution of hydrogen and ammonia. 

In the present state of organic chemistry, it is impos- 
sible to present a perfect system of arrangement, as in in- 
organic chemistry, or one approaching to the finish of that 
department. The course, dierefore, which I shall now 
take is recommended rather for its usefulness in facilita- 
ting study than for the propriety of its classification. 



LECTURE LXVIII. 

The Non-nitrogenized Bodies.— T%e Starch^ Group.^ 
Starch, — Action of Iodine. — Various Forms of Starch. 
— Production of Dextrine. — Action of Diastase. — Leio- 
come. •'-^ Cane Sttgar. — Glucose. — Distinction between 
Cane and Grape Sugar— Milk Sugar. — Crum. — Lig 
nine. 

The non-nitrogenized bodies, which we shall first con- 
sider, are characterized by the peculiarity that they form 
a group, each member containing twelve atoms of carbon, 
united with hydrogen and oxygen in the proportions to 
form water. They are for the most part indifterent bod- 
ies, ^ ^ 
^Tke StarA Group. 

Starch Cia^ioOio. 

Cane sugar (crystallized) . . . CuHnOn. 

Grape sngfar Ci^HvaOia. 

Milk ragar . Cis-^isOia. 

Gum Cis/TuOu. 

Lignine C\%Hb Os. 

&C. &0. 

'Starch — Feeula ( OiajETioOioV— is found abundantly in die 
vegetable kingdom, and may be obtained from potatoes 

What is tbQ effect of strong acidff and alkalies on organic bodies 7 How 
many carbcn atoms does each member of the amyle groilp contain? In 
what proportion are their oxygen and hydirogent Mention some of the 
diief bodies of this groap.- From what soarces, and in what mamier, is 
■tarcb obtained 7 
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by rasping and waahing the maaa upon a sioTe, the starch 
being carried off by the water. It ma.^ also be obtained 
&om flour by making it into a paste with water and then 
srashing it» The starch separates^ and ghiten is left be- 



lt is a white substance, commonly q»et with in irregu- 
lar prismatic masses, which shape it assumes while drying. 
It is insoluble in cold water, and also in alcohol, and con- 
sists of granules of different sizes, as it is derived from 
different plants, those of the potato being about the two 
hundred and fiftieth of an inch in diameter. 

When starch is heated in water, the covering mem- 
brane of each granule bursts open, and the interior matter 
dissolves out. If the proportion of starch be considerable, 
the whole forms a jelly-like mass, which may be dried in 
a yellowish body, having the same constitution as starch 
itself. Gelatinous starch passes under the name of Atid' 
dine. 

With free iodine, starch strikes a deep blue color. 
When water containing this compound is heated to 212^ 
F., the color totaJly disappears, and is not restored on cool- 
ing ; but if the source of heat be removed as soon as fiie 
color disappears, and before the temperature reaches 212^ 
F., the color returns. Starch and iodioe constitute an ex- 
ceedingly delicate test for each other. 

In commerce, starch is found under various modifica- 
tions, such as Arrow-root, Tapioca, Cassava, Sago, It 
forms an important article of respiratory fi^od. ^ Jkvline, 
which is derived from the dahlia and other plants, is a sub- 
stance approaching starch in many respects. 

Wheu starch is boiled in water with a small quantity of 
sulphuric acid, it changes into Z>ea^rme, a substanbe of the 
same composition ; the acid being subsequently removed 
by carbonate of lime and filtration, that body is procured 
on. evaporation aa a gummy mass. But if the ebullition 
he continued for a longer time, the dextrine disappears 
and grape sugar comes in its stead. Starch may also be 
converted into grape sugar by the action of a peculiar 
(ermeut. Diastase, which is contained in an infusion of 

What ia the size of ito granules ? What is the effect of hot W«ter on 
It 7 Wha^isancudine? What u the action of iodine on itardi 7 Mention 
■ome other varieties of starch. How is it converted into dextrine t How 
into grape sugar? What is diastase t 
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Qcait. Gel^M^inouB starch may, in the course of a few min- 
utes,~at 160^ F., be converted into dextrine by this sub- 
stance, and soon after into sugar. In either of these cases 
the presence of atmospheric air is not required ; the final 
action being that the starch simply assumes three atoms of 
water, and becomes converted into grape sugar. 

When baked at a temperature of about 400^ F., starch 
becomes soluble in water, and passes in commerce under 
the name of British Gunit oi Leiocome. 

Cane Sugar (Cigi^^D+^ZTO) is found abimdantly in 
the juices of many plants, and is chiefly^ extracted for com- 
mercial purposes from the sugar-cane, which, being crushed 
between rollers, yields a juice, which is mixed with lime 
and boiled ; a coagulum having been removed from it, it 
is rapidly evaporated at as low a temperature as possible, 
and then crystallized. « In this state, after a brownish sir- 
up, molasses, has drained frx>m it, it passes in commerce un- 
der the name of Muscova4o, or brown sugar. This is pu- 
rified by boiling in water with albumen^ which, coagulat- 
ing, separates many of the impurities ; the solution is then 
decolorized by animal charcoal, evaporated, solidified in 
conical vessels, and, being washed with a little clean sirup, 
is thrown into commerce as loaf-sugar. Sugar is also ob- 
tained from the sap of the maple-tree, and from beet-root. 

From a strong solution sugar crystallizes in rhombic 
prisms, which are colorless ; they pass under the name of 
Sisgar Candy, It is soluble in one third its weight of cold 
water, and in any quantity of hot. It has a sweet and 
proverbially characteristic taste. When heated, it melts, 
and gives rise to a yellowish, transparent body, called 
SarUy Sugar. But if kept at a temperature of 630^ F» 
it turns of a reddish-brown color, constituting CarameL 
Sugar unites with various bodies, such as lime and oxide 
of lead, and with common salt yields a crystallized prod- 
uct. By caseine it is transformed into lactic acid. 

Grape Sugar-^Fruit Sugar — Glucose — Starch Sugar 
--^Diabetic Sugar {CiiIIi^Oi^)^-^\B the substance just de- 
scribed as arising from the transmutation of Hstarch under 
the influence of acids. It occurs naturally in many, vege- 
table juices and in honey. 



What is Hi action oa starch? How is Britisli ^^um formed? From 
what soorces, and by what means, is cane si;igar danved 7 What are Jts 
oroperties ? By what means is caramel finrned T 
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Compared with caxie sugar, it is much lees soluble m 
water, and less disposed to crystallize. It requires 1| 
parts of water for solution. It may be distinguished by 
Its action with caustic alkalies and sulphuric acid, the form- 
er turning it brown and the latter dissolving it without 
blaekening, while cane suear is little acted on in the form- 
er instance, and blackeaed in the latter. The'^two vari- 
eties may also be distinguished by being mi^ed with a so- 
lution of sulphate of copper, to which, if caustic potash be 
added, blue liquids are obtained, and these being heated, 
the grape sugar throws down a green precipitate, which 
turns deep rod, the solution being left colorless : the cane 
sugar alters very slowly, a red precipitate gradually form- 
ing, and the liq^uid remaining blue. Grape sugar, like 
cane sugar, gives with common salt a crystallized com- 
pound. When heated 'to 212° F. it loses two atoms of 
water, and becomes CnHizOiy. 

Milk Sugar — Lactine (CiJHjjOia) — ^may be obtained 
by evaporating whey to a sirup, and the crystals which 
then fr>rm are to be purified by animal chax-coal. It is 
sparingly soluble, requiring five or six times its weight of 
water. The crystals are gritty between the teeth. It is 
through the alcoholic fermentation of this body that the 
Tartars procure intoxicating milk. 

Besides the foregoing, there are several subordinate 

varieties of sugar, among which may be cited " 

Ergot sugar C^ffnOiz ; 

V Bacalyptos sngar ...... CuHuOia', 

and others, as liquorice sugar, mushroom sugar, oi man- 
nite, &c. 

GvM.-^Ghtm Arabic is obtained from several species ot 
the mimosa or acacia, from the bark of which it exudes ; 
is obtained in white or yellowish tears, of a vitreous as- 
pect. It dissolves in cold >^ater, forming fMtctlage, from 
which it itoay be precipitated pure, as Ara^ne, by alcohol. 

Bassorme is the principle of Gum Tragacanth; it does 
not dissolve in water, but merely forms a jelly-like mass. 
With thid substance should be classed PecHne, the jelly 
obtained from currants and other fruits. Thb substance 
furnishes Pectic acid b y the action of bas es. 

What ui the difference between cane and grape logar 7 By what test 
may they be distingoished ? What are the propertieB of milk sagarl 
Mention some other rarietier of sngar. From what soorce if gam de- 
rived ? What are arabine, bassorine* and pectine ? 
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LioinNB.-^Tbi8 subfitaiM^^ ynth Ckllulate and other bod- 
ies, forms the woody fibre or ligneous tissue of plants. It 
occurs in a state of purity in the fibres of fine linen and 
cotton, and, as is well known^t is of perfect whiteness, in- 
soluble in water and alcohol, and tasteless. Strong and 
cqld sulphuric acid converts it into a dextrine, as may be 
shown by adding to that substance pieces of linen, taking 
care that the temperature does not rise so as to blacken 
the mixture, which is to be well stirred, and suffered to 
stand for a time. On dissolving it then in water, and 
neutralizing by the addition of chalk, dextrine is obtained ; 
ot if, before neutralizing, the solution is well boiled, grape 
sugar is produced. 



LECTURE LXIX. 

Action of AoEirrs on the Starch Group. — Action pj 
Sulphuric Acid on Sugar. — Gludc Acid produced 
Lime,"^Melassic Acid.-^Action of Nitric Acid, — Pro* 
duction of Oxalic Acid.^-^Gonstitution of Oxalic Acid,-^ 
Its Salts. '^Oxamidc.'^ Saccharic Acid.'-^Kh^dizonic 
and Croconic Adds.-^Mudc Acid.^^Xyloidine. — Its 
Properties. 

In the preceding Lecture we have already explained 
the change of starch into su^ar, and of limine into dex- 
trine, under the influence of sulphuric acid ; and in the 
vegetable world there can be no doubt that these and 
other similar modifications arise from the action of many 
cause^. On inspecting the constitution of the group,, it 
will be seen that, in theory, this is to be done by the ad- 
dition or abstraction of water. 

When melted grape sugar is mixed with strone sul- 
phuric acid, and the diluted solution neutralized with car- 
bonate of baryta, the sulphosaccharate of baryta is found 
in the solution. The Sulphosaccharic ncid is a sweetish 
liquid, readily decomposing into sugar and sulphuric acid. 

When, in the process of converting cane sugar into 

How may Ugnine be )>repared? .When p^ae, what is its color, and^ 
what its relation to water ? How may it be converted into desLtrine- an'] 
ape 'fevgar ? In this change, what ia thtt actiiml impreMod on the Ugnine 1 
r is Bnlphosaocharrc aoid mad« 1 . . 
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grape sugar by boiling with sulpbaric acid, tbe action: is 
long continued, a dark-colored substance is formed, conr 
sistmg of two different bodies, Ulmine and tJlmic Acid^ or, 
as they sre termed by Liebig, Sdcchulmine and Sacchulmic 
Acid. The latter is converted into the former by contin- 
ued boiling in water. 

When a solution of grape sugar containing lime is kept 
for some time, the alkaline reaction of the lime finally 
disappears through the formation of Glucic Acid^ the con* 
stitution of which is C^HtO^. It is soluble, deliquescent, 
of a sour taste, and yielding, for the most part, soluble 
salts. If grape suffar be boiled with potash water until it 
becomes black, a dark substance may be precipitated by 
an acid, ^his is Mdcuinic Acid, its constitution being 

These are some of the less important results of the 
action of acid and alkaline bodies on the starch group ; 
there are others of ikr more interest. 

Oxalic Acid {C^Osf H0-^2Aq). — Oxalic acid is formed 
by the action of nitric acid on starch or sugar, or any other 
of the starch group, except gum and sugar of milk. One 
part of sugar is to be mixed with five of nitric acid, di- 
luted with twice its weight of water, and the acid finally 
distilled off until the residue will deposit crystals on cool- 
ing. These, being collected, are to be purified by redis- 
soTving and crystallising. They are oblicjue rhombic 
prisms, more soluble in hot than cold watet*, of an in- 
tensely acid taste, and poisonous to the animal economy, 
chalk or magnesia being the antidote. Oxalic acid also 
occurs naturally in several plants, in imion with potash 
or Kme. 

As the fi^regoing formula shows, the crystals of oxalic 
acid contain on6 equivalent of saline water and two of 
water of crystallization. The latter may be removed by 
exposure to a low heat, the crystals then becoming a 
white powder, and subliming without difficulty. Any at- 
tempt to remove the saline water and isolate the oxalic 
acid (as C%0^ leads to its decomposition. Thus, when 
the acid is heated with oil of vitriol, total decomposition 

What are Baccholmiiie and aacdmlmic acidi Whkt if the ooDAtitaticiai 
of g;lucic acid ? What m the action of potash on grape sugar? Describe 
^e preparation of oxdic acid. What id the antid<fte t« itf What. is 
the action <af oU of vitrtel n oxalia amd f 
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results ; -equal volumes of carbonic oxide and carbonic 
acid are set free : for the constitution of oxalic acid is 
such, that we may regard it as composed of an atom of 
each of those bodies : 

0,0,... = ...(70,+ CO: 

and upon this is founded one of the methods of preparing 
carbonic oxide gas. The gaseoi^s mixture which results 
from the action of the oil of vitriol is passed, as in Fig. 
243, through a bottle containing potash water, which ab- 
sorbs the carbonic acid, and the carbonic oxide may be 
collected at the water trough. 

The production of oxalic acid from sugar by nitric acid 
is due to the replacement of hydrogen by an equivalent 
quantity of oxygen, 

CisXZgOg . • -|- Ojg . . . = ... C13O18 . . + H^O^ ; 
that is, one atom of dry sugar with eighteen of oxygen 
yields six atoms of oxalic acid and nine of water. 

Salts of Oxalic Add, 

There are three potash salts : 1st. Neutral Oxalate qf 
Potash, made by neutralizing oxalic acid with carbonate 
of potash ; crystallizes in rhombic prisms, soluble in three 
times its weight pf water. 2d. Binoxalate of Potash, made 
by dividing a solution of oxalic acid into two parts ; neu- 
tralize one with carbonate of potash, and then add the 
other. It crystallizes in rhombic prisms, has d. sour taste, 
and dissolves in forty parts of water. It occurs naturally in 
several plants, as the Oxalis Acetosella. 3d. Quadroxalate 
of Potash, Divide a solution of oxalic acid into four parts ; 
neutralize one and add the rest. It crystallizes in octa- 
hedrons ; less soluble than either of the foregoing. These 
salts are sometimes used for the removal of ink stains 
from linen. 

Oxalate of Ammonia^ prepared by neutralizing a hot 
solution of oxalic acid with carbonate of ammonia. It crys- 
tallizes in rhombic prisms, which are efflorescent. Its so- 
lution is used, as has been already stated, as a test and 
precipitant of lime. When exposed to heat in a retort, it 
IS, for the most part, decoc^posed into water, ammonia, 



How is ^is acid produced from stigar ? How many oxalates of potash 
are there t How are they prepared ? For what purpose are these salt! 
■ometimes vm^^t 

D©2 
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carbonic acid, cyanogen, and other compounds ; but a sub- 
•tance of the name of Oxamide also sublimes, the consti- 
tution of which is 

C,H, NO,. . . = ... ah; + 2(C0), 
that is, containing the constituents of one atom of amido- 
gen and two of carbonic oxide. This remarkable sub- 
stance, when boiled with potash, yields, through the de- 
composition of water, oxalate of petash and ammoniacal 

Oxalate of Lime occurs naturally, forming the skeleton 
of many lichens, and is obtained, as has just been said, by 
precipitating a lime salt. It is soluble in nitri»^ acid, and, 
Ignited in a covered crucible, is converted into c^bonate 
of lime. 

Saccharic Acjd ((7i,jB^ Oh + 5^*0) — OxMydric Aad 
— made by the action of dilute nitric acid on sugar. It is 
a pentabasic acid. 

Khodizonic Acid {OjOj+3HO), obtained by the action 
of potassium on carbonic oxide at a red heat. When 
boiled, it changes into Oroeomic Acid, a yellow body hav- 
ing the constitution CgO^+HO. 

Mucio Acid {CnHg04+2HO), obtained by the action 
of dilute nitric acid on gum or sugar of milk, as in the 
preparation of oxalic acid by other members of the starch 
group. It requires sixty times its weight of water for so- 
lution. Pecomposed by heat, it yields pyromucic acid. 

Xtloidine {C^H^Oi, iVOfi), made by the action of nitric 
acid, sp. gr. 1*5, on starch, which is converted into a gelati 
nous body, and yields this substance as a white precipi 
tate when acted on by water. Its origrin is apparent from 
a compariaon of its formula with that of starcn. Xyloid- 
ine is insoluble in boiling water, but by the continued acr 
tion of nitric acid changes into oxalic acid. 100 parts of 
starch yield 128 of xyloidine. 

Gun Cotton. — Pyraxyline, A remarkable compound, 
proposed as a substitute for gunpowder by Schonbein, 
whose process for preparing it has not yet been divulged. 
It may be made by the action of monohydrated nitric acid 

UDder what cixcamstaDcei does oxamide form 1 What ia ita oonatita- 
tionf How iff ■acchkric acid made? Under what circomataiiceB can 
glass be silvered with it? How is the i^odiconate of potaiA formed? 
what is its composition ? How is it changed into croconic acid ? Under 
what circomstauces does macic acid form? ^ 
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on cotton, paper, or sawdust ; and still more conveniently by 
a mixture of nitric and sulphuric acids on those substances. 
The cheapest and best process for ita preparation i^ diat 
discovered by Prof. Ellet, of South Carolina College. It 
consists in soaking carded cotton for a few minutes in a 
mixture of pulverized nitrate of potash and oil of vitriol, 
w^ashing the' result in hot wat^r to free the cotton from 
the potash salt, &nd finishing the washing by a weak so- 
lution of ammonia. Gun cotton appears white, like or« 
dinary cotton, the fibre being little changed ; it is some- 
what harsh to the touch ; when perfectly dry, it explodes 
when heated to about 300 F., or by the blow of a ham* 
mer. It is estimated as having about three times the me* 
chanical force of gunpowder. 100 parts of cotton yield 
about 165 of gun cotton. It contains twice as much nitric 
acid as xyloidine. 



LECTURE LXX. 

On the Metamokphosis op the Starch Group wy Ni- 
TROGENizED Ferments. — Actiofi of Leaven.^-Brtod."^ 
Fermentation of Sugar, — Fermentation of Grape Juice.^^ 
Primary Action on the Ferment, — Activity ^Ferments 
due toNitrogeiu — Effects of Temperature j^^Froductiom c^ 
'Butyric Add, — Ferm^envts of d^erent Fropertie3.-^Pra* 
duction of Wine and intoxicating Liquids, 

In the preceding Lecture we have traced the action 
of the more powermi inorganic aeents on the amyles, and 
seen how a variety of bodies of different characters arise, 
some of which, as oxalic acid, are of very considerable 
importance. 

But there is another system of changes which can be 
impressed on this group of bodies, far more curious in its 
nature, and leading to far more important results. 

When flour, made into a paste with water, is brought 
in contact with Leaven, that is to say, a similar dough, un- 
dergoing an incipient putrefactive fermentation, at a tem- 
perature of 60^ or 70^ F., bubbles of gas are disengaged, 

Decompoted by heat; what doei mado acid jrield ? How is xyloidme 
prepared, and what ore its pxopertiefl t What is the aQtion of leaven on 
flour? 
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the paste swells up, and, when baked, forms leavened 
bread. This ancient process, which is now in use all over 
the world, depends on the action of tke changing leaven 
being propagated to the sugar which the flour contains. 
The sugar is resolved into alcohol and carbonic acid gas 
the former of which may be obtained by distilling the 
dough ; and the bubbles of the latter, entrapped in die 
yielding mass, gives to the bread the lightness for which 
it is prized. 

But this process may be better traced by observing 
the phenomena of alcoholic fermentation in the case of 
pure sugar. If we take a solution of sugar in water, it 
may be kept foi;a length of time without undergoing any 
change ; but if nitrogenized matters, such as blood, albu- 
men, leaven, in a state of putrescent decay, are mixed 
with it, then, at a temperature of 70^ F., the sugar rapidly 
disappears, carbonic acid is given off, and alcohol is K>und 
in the solution. The change is obvious. 

a«ir«Oi,. .. = ... 2(o,ir«o,) + 4(co,); 

that is, one atom of dry gMipe sugar yields two of alco- 
hol and four of carbonic acid. The final action, there- 
fore, of the ferment is to split the sug^ atom into carbon- 
ic acid and alcohol. 

Of all ferments. Yeasty for these purposes, is the most 
poweiful ; it is a substance which arises during the fer- 
mentation of beer. It is probable that, in the various 
sugars, the first action is to bring them into the condition 
of grape sugar, and then the metamorphosis ensues. 

JBy an analogous transformation of the sugar contained 
in fruits, the different wines and other intoxicating liquids 
are formed ; thus, if ^e take the expressed juice of grapes 
which has not been exposed to the contact of air, it may 
be kept for a length of time without change ; but if a sin- 
gle bubble of oxygen is admitted £o it, fermentation at 
once sets in, the grape sugar disappears, and alcohol 
comes in its stead, carboidc acid gas being disengaged, 
and the nitrogenized substance, yeast, deposited. If a so- 
lution of pure sugar be added, it is involved in the change, 
and portion afler portion will disappear ; but, finally, the 

What is the action of decaying nitrogenized matter on a solution of sugar f 
Into what |»odies does the sugar atom split? What is the action of yeasi 
GO sugar T Describe the action of yeast on grape juice. 
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yeast itself is exhausted, and then any excess of liugar re^ 
mains unacted upon. 

It is obvious that the primary action is an oxydatioh 
of the ferment, and the moment its particles are set in 
motion the motion is propagated to the adjacent body, 
the particles of which submit in succession ; and there- 
fore the fermentation is not a sudden action, but one re- 
quiring time. Moreover, it is plain that the action is lim- 
ited ; a given quantity of yeast will transmute only a defi* 
nite quantity of sugar. 

The ferments, or bodies which possess this singular 
quality, are nitrogenized bodies ; and, inasmuch as non- 
nitrogenized bodies never spontaneously ferment while 
oxydizing, it is to the nitrogen that we are to impute the 
qualities in question. 

Temperature has a remarkable control over ferment 
action. The juice of carrots or beets, fermenting at 50^ 
Fahr., will yield alcohol, carbonic acid, and yeast ; but 
the same juices, lermenting at 120° Fahr., produce lactic 
acid, gum, and mannite. Under these circumstances, 
therefore, alcohol is the product of fermentation at low 
and lactic acid at high temperatures. 

But when milk ferments at 50^ Fahr,, lactic acid is the 
chief product, while at 80^ Fahr. the casein acts like a 
yeast ferment, the milk sugar becoming transformed iuU 
grape sugar, and then resolving itself into alcohol and 
carbonic acid. In this instance the action is the reverse 
of the former, lactic acid being the product of a low, and 
alcohol of a high temperature. 

A very remarkable decomposition takes place When 
casein ferment acts on sugar at 80^ Fahr. in presence of 
carbonate of lime. Under these circumstances, carbonic 
acid gas and hydrogen are evolved, and Butyric Acid ap- 
pears. On comparing the constitution of butyric acid 
with alcohol, it will be seen that the latter contains the 
elements of the former, with an excess of hydrogen ; so 
that, during this fermentation, the alcohol atom is divided. 

All ferments possess certain properties in common, but 
each has its specific powers ; and the products which are 

What is the primary action in these cases ? ^Is the action of the fer- 
ment definite ? To what element in the yeast is the action due ? What 
IS the effect of temperature on fermentation t Describe the causes of the 
fecmentation of yesfetable juices and of milk f Under what ciicomstancef 
does butyric acid form t 
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evolved differ in different caaea. Moat commonly the ac- 
tivity of these bodies is excited by an iticiju^it oxyda- 
tioa, the result of which viroald be to bring tka ferment 
Itself to m simpler constitution. In this res^ect^ therefore, 
the first stage of fermentation is a combustion at common 
temperatures, or an eremacausis of the ferment itself; 
but this action is speedily propagated to the surrounding 
mass, which becomes involved in the change. What- 
ever, therefore, prevents the incipient oxydation of the 
terment puts a stop to the whole process. By nusing 
their temperature to 212^, and then cutting off the access 
of air, substances which would otherwise undergo a very 
rapid change may be kept for any length of time without 
alteration. On this principle, meatA, milk, and other viands 
may lie preserved. 

We have now pointed ^ut the peculiaritiea of ferment 
action, showing that two successive stages may be traced 
m the process ; the first arising in the oxydation of the 
ferment, by which its molecules are decomposed ; and the 
second, w^ich consists in the propagation of this move- 
ment to the surrounding particles, upon which changes 
are impressed, the nature of which differs with the tent- 
perature and the specific action of the ferment itself. 

Wine is made from the expressed juice of grapes, which, 
containing a nitrogenized body, albumen, when exposed 
CO the air undergoes spontaneous fermentation ; the course 
oC the action being, 1st. The oxydation of the vegetable 
albumen ; 2d. The propagation of its action to the grape 
sugar. If the sugar is in excess, the wine remains sweet; 
if the albumen is in excess, the wine is dry. The wine, 
as soon as the first action is over, is removed into casks. 
During these changes, the bitartrate of potash, which 
exists naturally in grape juice» and which, though sparing- 
ly soluble in water, is much less so in alcohol, is deposit- 
ed. It goes under the name of Argot. Most other fruit 
juices contain free acid, such as malic or^itiic ; and hence 
good wine can not be made from them, because, if all the 
fug^ is removed, they possess a sharp jtaste ; and if, as is 

What is th9 chuiffe whidi the feniMnt itself nndevgoeB % Wh«tif Uia 
effbct of cutting off uie access of air 1 What are ^e two it^o* of lbr> 
ment actioii 7 What is the process lor the makiBg of wine f Wheai«tfa9 
^ine sweet, and when dry ? What is, argol ! W1;gr W9 other frait j«Mf 
less proper &r making wine tihan grape juice ? 
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commonly the case, a poztion is left to correct the acid- 
ity, it is liable to run into a second fermentation. 

Inferi;3r liquidB, sudi as cider, perry, &c., are made 
from other vegetable juices, as those of apples, pears, Asc 
Beer, porter, and ale are made ftx>m an infusion of malt, 
which is barley, a portion of the starch of which is trans- 
posed into sugai' by partial germination. The principles 
of the fermentation are, in idl these instances, the same. 



LECTURE LXXI. 

On thb Debitatites of Fermentathtb Procebsesw- 

Alcohol. — Its Properties. — Exists in Wines, — Lactic 
Acid. — Production and Properties. — Sulphuric Ether. 
— Its Distillatum.— The Ethyle Series.-^Chlaride.-^ 
Bromide. — Nitrate, Sfc.-^--CSinanthic Ether, 

ALCOHOL {Hydrated Oxide of Ethyle) C^HoOi. 
By the distillation of wine, or any other fermented sac- 
charine juice, spirits of wine may be obtained. As first pre- 
pared, it contains a large quantity of water, which comes 
over with it. This product being rectified, and the first por- 
tion preserved, yields a spirit containing twelve to fifteen 
per cent, of water. By putting this into a retort wit i half 
its weight of quicklime, keeping the mixture a few days, 
and then distilling at a low temperature, absolute or an- 
hydrous alcohol is obtained. 

Anhydrous alcohol is a colorless liquid of a burning 
taste aiid pleasant odor. Its specific gravity, at 60^ F., is 
0-795. It boils at 1730 P., and at a still lower point if slight- 
ly diluted with water, though the boiling point rises if the 
water be in greater proportion. It has not been yet fro- 
zen. The specific gi-avity, also, varies with the amount of 
water present ; and hence the purity of spirits of wine 
may be determined by ascertainmg its density. Alcohol 
is very inflammable, buns with a pale blue flame, with 
the producton of carbonic acid gas and water. It is much 
used in chemical investigations as fui*nishing a lamp flame 
free from smoke, and as possessing an extensive range of 

How is alcohol procured ? How may it be obtained anhydrous 7 What 
are its properties ? How may the strength of spirits of wine ba dete^ 
mined f For what porposes is it used in chemiitiy T 
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solvent powers, acting upon resins, oils, and other bodies^ 
which, are not acted upon by water; ' 

The strong wines, such as port and sherry, contain -Groin 
nineteen to twenty-five per cent, of alcohol ; the light 
wines from twelve per cent upward ; and beer, porter, 
&C., from five to ten per cent. 

Lactic Acid Fermentatian.T-We have ahready seen that 
vegetable juices as well as milk will, under certain cir- 
cumstances of temperature, yield, during fermentation, 
lactic acid instead of alcohol. This acid may, therefore, 
be made by dissolving a quantity of sugar of milk in milk« 
putting it in a warm place, and allowing it to turn sour 
spontaneously. A part of the caseine of the milk here acts 
as the ferment, and as lactic acid is set free, it coagulates 
the rest and makes it insoluble. By the addition of car- 
bonate of sod a,, to neutralize the acid, this is.pre vented, and 
the ferment resuming its activity, produces more lactic 
acid. When, by this process, all the sugar is exhausted, 
the liquid is boiled, filtered, evaporated to dryness, and 
the lactate of soda dissolved out by hot alcohol. From 
this alcoholic solution the acid may be obtained by pre- 
cipitating the soda by sulphuric acid. 

Lactic Acid ( €^£[^0^+110) is obtained as a sirupy solu- 
tion by concentrating in a vacuum over oil of vitriol. It is 
colorless, has a specific gravity of 1-215, is very sour, and 
soluble in water and alcohol. It yields a complete series 
of salts, most of which are soluble, ^mong these salts, 
the most interesting are those of lime and of zinc. 

Ether — Sulphuric Ether — Oxide of Ethyle {C^HaO), 
— ^Ether is prepared by distilling equal weights of alcohol 
and oil of vitriol,. receiving the resulting vapor in a Lie- 
big's condenser, adhc,&B in Fig, 269, the condenser be- 
ing cooled by water from the reservoir, t, flowing into the 
funnel, c, the waste passing into the vessel, &, and the ethei 
distilling into the bottle, c. The process is to be stopped 
as soon as the mixture begins to blacken. The first prod- 
uct may be rectified by redistillation from caustic potash. 

Ether is a colorless and limpid liquid, of a peculiat 
odor and. hot taste. It boils at 96^ F., and |ias npt yet 

How much alcohol per cent is contained in port, sherry, beer and alef 
What is the process lor obtaining lactic acid ? What is its conatittition f 
What are its propertiea ? ^ow is ethers wa4^? What «te tiie proper 
Hei of ether? ^ *• r 
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been frozen. Its specific gravity, at 60° F., is '720. It 
volatilizes with rapidity, ana therefore produces jcold. It 
is combustible, and burns with the evolution of much more 
light than alpohoh The specific gravity of its vapor is 
2*586. With oxygepi or atmospheric air it forms an ex- 
plosive mixture, and, kept in contact wil;h air, it becomes 
acid from the production of acetic acid. It dissolves in 
alcohol in all proportions, but ten parts of water are re- 
quired to dissolve one of it ; it also dissolves many fatty 
substances,^ and hence is of considerable use ifi organic 
chemistry. 

Ether is regarded as the oxide of an ideal compound 
radical, ethyle, Ci-ffg, which gives rise to a series of othei 
bodies. 



Ethyle, C^H6 
Qxide of ethyle 
Hydrated oxide 
Chloride of ethyle 
Bromide " 
Nitrate " 

Hyponitrite " 



The Ethyle Group. 



:=Ae. 

= Ae, Q 

= Ae, O -{-HO. 

==: Ae, CI 

= Ae,B, 

= Ae, O + NOi. 

^Ae, O + NCh, 

&C. 



The oxide of ethyle, as has just been stated, is ether it* 
self. The hydrated oxide is alcohol. 



If it soluble in water 1 What class of bodies dods it dissolve 7 
what substance is it an oxide ? 



Of 
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Chloride of Ethyle — Hydrochloric Ether — may be made 
by saturating rectified gpirits of wine with dry hydro- 
chloric acid gas, and distilling the result at a low tempei*a^ 
tore, conducting the vapor through a bottle of warm wa- 
ter, and then condensing in a receiver surrounded by a 
freezing mixture. It is a colorless, volatile liqtiid, of a 
peculiar aromatic smell ; the specific gravity is '874. It 
boils at 52^, and is not decomposed by nitrate of silver.- 

Bromide of Eihyle (Hydrobromic Ether) and Iodide of 
Ethyl {Hydriodic Ether) are not of any importance ; and 
the same remark may be made as respects the sulphuret 
and the cyanide. 

Nitrate of Ethyle — Nitric Ether — may be made on the 
small scale by distilling equal weights of alcohol and nitric 
acid with a •" ^1 quantity of nitrate of urea. The latter 
substance is used to prevent the nitric acid deoxydizing, 
and giving rise to the production of hyponitrite instead of 
nitrate of ethyle. Nitrate of ethyle is insoluble ija. water, 
has a density of 1*112, boils at 185^, and has a sweet 
•aste. Its vapor explodes when heated, 

Hyponitrite of Ethyle— Nitrous Ether {AeO, NO;,).— 
This ether may be made by passing the hyponitrous acid, 
disengaged from one part of starch and ten of nitric acid, 
through alcohol, diluted with half its weight of water and 
kept cold. It is a yellowish, aromatic liquid, having the 
odor of apples. It boils at 62^ F. Its density is -967. 
The sweet spirits of nitre is a solution of this ether with 
aldehyde and other substances in alcohoL 

Carbonate of Ethyle — Carbonic Ether {AeO, CO^y — 
made by the action of potassium on oxalic ether, and distill- 
ation of the product with water. It floats on the surface of 
^ the distilled liquid, is an aromatic liquid, and boils at 259©. 

Oxalate of Ethyle — Oxalic ^iAcr-^prepared by distiU- 
in^ four parts of binoxalate of potash, five of sulphuric 
acid, and four of alcohol into a warm receiver. The 
product is washed with water to separate any alcohol 
or acid, and redistilled. It is an oily liquid, of an aro- 
matic odor J it boils at 353° F., and is slightly heavier than 
water. With an excess of ammonia it yields Oxamide and 

H«^fU" ^?i!?®-5*™® ^ byapocWoric ether, and how ii it prepared? 
wh« ilrSl™*™*® *^ ®*Me made t How is mtrons. ether prepared, and 
"nic eSTr mi5'*'r****^" ' ^^^ "® carbonic ether, acetic ether, and fc^ 
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alcohol. With a smallef proportion of ammonia and al- 
cohol it yields OxametkaHe^ CeHjNO^. 

Acetate of Eihyle — Acetic Ether {AeO, C^H^O^) — and 
Formiate ofEthyle — Formic Ether {AeO, G^HO^ — are 
procured in a aimUar manner with the foregoing, substi- 
tutiog in one case acetate of potash, and in the other 
formiate of soda. 

(Enanthic Ether {AeQ, CuHi^O^) is prepared from an 
oily liquid which passes over during the distillation of cer- 
tain wines. It has a powerful vinous odor, is a colorless 
liquid, specific gravity *862 ; it boils at 410^ F., disdolves 
readily in alcohol, and gives their peculiar eCroma to the 
wines in which it is found. From it cenanthic acid may 
' be obtained by the successive action of potash and sul- 
phuric acid. It is an oily body, becoming a soft solid at 
5/>o F. 



LECTURE LXXII. 

Derivative Bodies of ALCOHoii. — Sulphovinic and Phos- 
p/iovinic Acids, — Products of Sulphovinic Add at Dif- 
ferent 'Boiling Poi7Us,~Tke contimwtis Ether Process. 
— The continuous Olefant Gas Process, — Dutch Li- 
guid,-^ Successive Substitutions of Chlorine in it.-^Heavy 
and Light OH of Wine. — Sulphate of Carhyle and its 
derivative Acids, 

Sulphovinic Acid — Bisulphdte ofEthyle{ C^^H^ . 280^ 
-|-irO).-^A mixture of sulphuric acid with an equal weight 
of alcohol is to be heated to the boiling point, and then 
allowed to cooh It is then to be diluted with water and 
neutralized with carbonate of baryta; the sulphate of ba- 
ryta aubsides. The solution is then filtered, evaporated, 
and, when cold, the sulphovin^te of baryta crystallizes. 
From' this the sulphovinic acid may be obtained by pre- 
cipitating the baryta with dilute sulphuric acid, andevap- 
orating the resulting solution in vacuo. It is a sirupy 
liquid, of a sour taste, giving rise to a Series of soluble 
salts, which decompose at the boiling point, as will be pres- 
ently seeir. 

From what source u (snanthic e^^r derived 7 What is its relation to 
Tinoos bodies f How is solphoYinic add mad« ? W bat is its compofitiavi 9 
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Photpkavinic Add {CJliO, P0i^+2H0) is made on th« 
same principles as the foregoing, phosphoric acid being 
sabstituted for sulphuric, and decomposing' the resulting 
baryta salt in the same way. It is a sirupy liquid, of a 
sour taste, and dissolves in water, alcohol, and ether very 
readily. It is decomposed by heat. 

If sulphovinic acid be diluted so as to bring its boiling 
point below 260^ F., it is resolved at that temperature 
chiefly into sulphuric acid and alcohol, which distills over. 

If the boiling point is from 260° F. to 3iOO F., the dis- 
tillation results chiefly in the production of bydraled sul- 
phuric acid and ether. 

If, by the addition of sulphuric acid, the boiling point 
is carried above 32 0^ F., tibe action is more complex, but 
the chief product which passes over is defiant gas. 

The ordinary method of preparing ether is, therefore, 
obviously very disadvantageous, because it is only within 
a partictilar range of temperature that that body is evolved. 
At first the low temperature yields alcohol, and as the 
heat rises, the mixture begins to blacken and defiant gas 
to be evolved. 

To obviate these difliculties, a very beautiful process, 
the continuous process, ha6 been introduced. It consists 
in taking a mixture of eight parts by weight of sulphuric 
acid and five of, alcohol, specific gravity '834, the boiling 
point of which is about 300° F. This is brought to that 
tnmperature, and alcohol of the same density is allowed 
slowly to flow into the mixture, the boiling point being 
steadily kept as near 300^ F. as possible, and the mixture 
maintained in a state of violent ebullition. Water and 
ether distill over together, and may be passed through a 
Liebig's condenser ; they collect in the receiver in sepa- 
rate strata, or, if this does not take place at first, the ad- 
dition pf a little water in the receiver insures it. 

In this manner a very large quantity of alcohol maybe 
converted into ether and water by the action of a limited 
amount of sulphuric acid j and in a similar manner, by ad- 
justing the boiling point so as to be between 320^ and 
330^ F., olefiant gas may be continuously obtained. AU, 
therefore, that is requiried, is to convey the alcoholic va- 

What is the composition and mode of preparation of phosphovinic acid f 
What is the result of the 9Jtpomre of siuphovinic acid at different bcdJing 
points^ Deacrib» tii« oontinnoas process for the preparation of ether. 
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por through a mixture of oil of vitriol with half its weight 
of water, which has the required boiling point. In Uiis 
process the acid does not blacken, and it is therefore much 
more advantageous than that described for the preparation 
of olefiant gas in Lecture LI V. 

Chloride of Olefiant Gas — Dutch Liquid {C^^Cl^y-^ 
is prepared by mixing equal volumes of chlorine and ole- 
fiant gas in a large glass globe. It is a colorless and fra- 
grant liquid, soluble in alcohol and ether, but less so in 
water. It boils at 180^ F., and when acted on by a so- 
lution of caustic potash in alcohol^ it yields chloride of 
potassium and a substance C^H^Cl\ which, on being cooled 
by a freezing mixture, condenses into a liquid. This .li- 
quid, brought in contact with chlorine, absorbs that sub- 
stance, and yields a new compound, C^H^Cl, which may 
again be decomposed by an alcoholic solution of potash 
into chloride of potassium and a new volatile body, 
G^H^Cl^* 

There is an iodide and a bromide of olefiant gas, which 
possess a constitution analogous to the chloride. 

When chlorine gas is made to act upon Dutch liquid, 

three different substances may be successively formed by 

the gradual abstraction of hydrogen, and its equivalent 

substitution by chlorine. These substances are as follow : 

• Dutch liquid. . . ... . CtH^Clt. 

(1.) C^HtCh. 

h\ S*^*S^- 

(3.) ..... C4^ Ch. 

The first and second of these products are volatile li- 
quids, the third is the perchloride of carbon, in which it ap- 
pears that all the four atoms of hydrogen in the Dutch 
liquid have been removed, and their places occupied by 
four atoms 6f chlorine. H\m perchloride of carbon is a 
white, crystalline body, soluble in alcohol and ether. Its 
melting point is 320° F. By passing its. vapor through a 
red-hot porcelain tube, it is decomposed, yielding C^Gl^ 
and free chlorine, and this again gives rise to subchloride 
of carbon, C^Cl^, by being passed through an ignited por* 
celain tube at a white heat. The former of these bodies 
is a colorless liquid, and the latter a silky solid. 

Heavy OH of Wine (C^H^O, 280:^) may be procured 

Describe the continuous process for preparing olefiant gas. How is 
Dutch liquid prepared ? What is the nature of the series of bodies ai-isiuij 
from the action of chlorine on it? 

E b2 
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by the destructive distillation of sulpbovinate of lime, or 
by distilling two and a half parts of oil of vijaiol and one 
of spirit of wine. ^ It is a colorless liquid, heavier than 
watexy and having an odor of peppermint. Boiled with 
water, it yields sulphovinic acid, foid Light, or Siffeet OH 
of TFt'ii^, a substance which, afler standing a few days, de- 
posits white inodorous crystals of Etkerine, C4H4, The 
residue, which still remains liquid, is Etkerole, C^H^. It 
is a yellowish liquid, lighter than water, and soluble in 
dflicohol and ether. 

Sulphate of Carhyle (CJS^, ^80^) arises when the va- 
por of anhydrous sulphuric acid is absorbed by pure aleo- 
hol. It is a white crystalline body. When dissolved in 
alcohol, and water added, the solution neutralized by car- 
bonate of baryta, filtered, concentrated, and then mixed 
with alcohol, die Ethionate of Baryta precipitates. This, 
when decomposed by dilute sulphuric acid, yields HydrO" 
ted Ethionic Add, the constitution of which is C4J9^0, 
4iS0, + 2H0* Ethionic acid yields a series of salts, 
many of which can be obtained in crystals. On being 
boiled, solution of ethionic acid yields sulphuric acid and 
Isethionic, the peculiarity of which is, that it is isomeric 
with sulphovinic acid, both containing C^H^O, 2SOt h 
HO. . 



LECTURE LXXIII. 

OxYDATioN OP Alcohol. — The Acetyls Group. — Aide- 
hyde, — Its Preparation and Properties, r^^AMehydi^ 
Acid.-^Davy^s Flameless. Lamp. — Acetal produced by 
Platinum Black. — Acetic Acid, Production of. — Nor 
ture of the. Charge from Alcohol to Acetic Add. — Salts 
of Acetic Add, 

It has been already stated (Lecture LXXI.), that when 
alcohol is burned in contact with oxygen gas or atmos- 
pheric air, the sole products of the combustion are car- 
bonic acid gas and water. But when the oxydation is 

Under what; circumstances does the heavy oil of wine form ? How k 
•weet oil of wine pirepared ? What are etnerine and etbttple t VThen 
tkv vapor of anhydroas sulphuric acid is passed into pure a^hoi what it 
^ t result ? How are ethionic and isethionic adda prepared ? 
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partial, the hydrogen ia removed hy preference, and a new 
series of bodies is the result^ designated as 
7%« Acetyls SeHe$. 



Acefyla, C^Ht , . =zAe,^ 

'" ide of aceWle -. . . ' ^ 

, drated oxide of acetyle , 

Aice^loos acid (aMehyoic acid) '. .' , . = AcO^ 4- HO, 



Oxide of aceWle ^ , = AcO. 

xide of 



Hydrated oxide of acetyle (aldehyde) . . = AcO -4- HO. 
Ace^loos acid (aMehyoic acid) . . , . = AcO^ 4- HO, 
Acetic .acid ..•...,,♦.. . =5 ilcOj + HO. 

Acetyle ^a an ideal body, differing from ethyle by con- 
taining only three atoms of hydrogen instead of five. Its 
oxide, also, has not yet been insulated. 

' Hydrated Oxide of Acetyle — •Aldehyde^^xoBy be ob- 
tained by distilling two parts of the compound of aldehyde 
and ammonia, dissolved in two parts of water, with a mix- 
ture of three of oil of vitriol and four of water, and redis- 
tilling the product from chloride of calcium at a low tem- 
perature. It is a colorless liquid, of a suffocating odor, 
its density is *790, its boiling point 12? F. It is soluble 
in water and alcohol. It slowly oxydizes iil the air, and 
more rapidly under the influence of the black powder of 
platinum, producing acetic acid. Jleated with caustic 
potash, it yields aldehyde resin, a brown body^ of a resin- 
ous aspect. Aldehyde has received its name frotn the 
circumstance that it contains the elements of alcohol mu 
nu9 two atoips of hydrogen (Alcohol Dekydrogenatus)* 

When pure aldehyde is kept for a length of time at 
32° F. in a close vessel, it yields Elaldehyde^ a substance 
isomeric with itself, but possessing different properties, 
the specific gravity of its vapor, for example, being three 
times that of the vapor of aldehyde, ^^ j70. 

From it there is also produced, at com- 
mon temperatures, a second isomeric 
body, Metaldehyde. 

Aldehydic Acid may be obtained by 
digesting oxide of silver with alder 
hyde, and precipitating the metal with 
Bulphureted hydrogen. It 'contains 
one atom of oxygen less than acetic 
acid, and is one of the products* of the 
slow combustion of ether in Davy's ^ 
flameless lamp, which may be made ' " 

What is acetyle? How is aldehyde prepared? .What are its proper 
ties? From what is its name dpnved? Under what circumstances ip 
elaldehyde and metal dehyde form ? What is Davy'a flameless lam^ 7 
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by putting a Binall quantity of ether in a jar {Fig- 270 
page 331), and suspending in the vapor, as it mixes with 
atmospheric air, a coil of platina wire which has recently 
been ignited. The wire remains incandescent as long as 
any ether is present. The same result is obtained by 
putting a spiral of. platina wire, or a ball of spongy pla- 
tina, over the wick of a spirit lamp, the lamp being lighted 
for a short time, and then blown out ; the platinum con- 
tinues incandescent, evolving a peculiarly acrid vapor. 

Acetal (CgH^O^)f containing the elements of ether and 
aldehyde, is produced by the oxydation of vapor of alco- 
hol by black powder of platinum, the alcohol being placed 
in a jar, with moistened platinum black in a capsule above 
it. In the course of several days the alcohol will be 
found to have become sour ; it is then to be neutralized 
with chalk and distilled. CMonde of calcitim separates 
an oily liquid from- the distilled product. This, on being 
distilled at a temperature of 200*^ F., yields acetal. It is 
a colorless and aromatic liquid, lighter than water, and 
boiling at 203^ F. It yields, under the influence of an 
alcoholic solution of caustic potash, by absorbing oxygen 
from the air, resin of aldehyde. 

Acetic Acid^-Fyroligneous Acid — T'twc^ar^CiEZiOa-l- 
jETO).— ^When dilute alcohol is dropped on platina black, 
oxydation takes place, and the vapors of acetic acid ait 
JV*s7i. . formed. On the large scale it is also 
formed by allowing a mixture of alcohol, 
water, and a small quantity of yeast, h. 
Fig, 271, to flow over wood shavings 
which have been steeped in vinegar con- 
tained in a barrel through which atmos- 
pheric air is allowed to circulate by the 
apertures c c c. The temperature rises, 
and the acetification goes on with rapid- 
ity, the product being collected in the re- 
ceiver, d. Vinegar, also, is formed by the spontaneous 
souring of wines or beer containing ferment, and kept in 
a cask to which atmospheric air has access; During the 
destructive distillation of dry wood, acetic acid (hence 

Mention some of its prodncts. What is the constitution of acetal? 
How may It be prepared by platinum Wack? Mention some of the differ- 
«?ii ^®*"o°s kv which acetic acid may be made. Why is it sometunei 
called pyroks^neons acid 7 
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called pyroligneous acid) in an impure state ia found 

among the products. 

The strongest acetic acid may be made hy distilling 

powdered anhydrous acetate of soda with three times its 

weight of oil o£ vitriol. The product is then re-distilled, 

and exposed to a low temperature, when crystals of hy- 

drated acetic acid form ; the fluid portion is poured off, 

and the crystals sulTered to melt. It is a colorless liquid, 

which crystallizes below 60^ p. ; has a very pungent odor, 

and, placed on the skin, blisters it ; boils at 2489 F., the 

vapor being inflammable. It dissolves in water, alcohol, 

and ether ; and in a less pure state, as vinegar, its taste^ 

odor, and applications are well known. If its constitution 

be compared with that of alcohol. 

Alcohol C4H6O2, 

Acetic acid . . « CaHaOa, 

it is seen to difler from that substance in the circumstance 
that two hydrogen atoms have been removed from the al- 
cohol, and their places taken by two oxygen atoms. Hence 
the various processes for its production are easily ex- 
plained. Acetic acid gives rise to several important salts. 

Acetate of Potash {KO^C^H^O^ is obtained by neutraliz- 
ing acetic acid with carbonate of potash, evaporating to 
dryness, and fusing. This salt is very deliquescent, and 
has an alkaline reaction. 

Acetate of Soda is made on the large scale by saturating 
the impure pyroligneous acid formed in the destructive 
distillation ot wood, with lime, and then decomposing the 
acetate of lime with sulphate of soda. The sulphate of 
lime precipitates, .the solution being crystallized, and the 
crystals subsequently purified by draining, fusing, solu- 
tion, and re-crystallizaiion. The crystals effloresce in the 
air, and are soluble in Water and alcohol. 

Acetate qfAmmonior^Spirit ofMindererus, — The solu- 
tion is made by saturating acetic acid with carbonate of 
ammonia, and the solid by distilling acetate of lime and 
hydrochlorate of ammonia; the acetate of ammonia passes 
over, and chloride of calcium is lefl:. 

Acetate of Alumina is made by the decomposition of a 

What change does aleohol undergo in passing into acetic acid ? Men* 
tion some of tne more important salts of acetic acid. Hciw is the acetata 
of loda made 7 What is the spirit of Mlndordrus ? 
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solatioD of alum by acetate of lea^ It is mack used by 
dyers as a mordant. 

Acetateg of Lead. — 1st. Neutral Acetate (Sugar of Lead) 
may be made by dissolying litharge in acetic acid. It 
occars in colorless prismatic crystals, and also in crys- 
talline masses. It has a sweetish, astringent taste, from 
which its commercial name is derived. It is solnble in 
about its own weight of cold water. The crystals efflo- 
resce IQ the air. 2d. Subacetates of Lead — JSesquibasic 
Acetate — ^is formed by partially decomposing the neutral 
acetate by heat. Its solution is known as Gouldrd^s Wa- 
ter. Two othet subacetates may be made by the action 
of ammonia on the neutral s&lt Their solutions bare an 
alkaline reaction, absorb carbonic acid from the air, and 
giye rise to a precipitate of the b^ic carbonate. 

Acetates of Copper. — Ist. Neutral Acetate — Distilled 
Verdigris — made by dissolving verdigris in hot acetic 
acid. On cooling, it yields green crystals, soluble both 
in water and alcohol. It is used as a paint. 2d. Bihasic 
Acetates of Copper — Verdigris — may be made by the ac- 
tion of vinegar and air conjointly on metallic copper. 
Verdigris is a mixture of several acetates, one of which 
may be obtained by digesting it in warm water ; a second 
arises on boiling this ; the insoluble residue of the verdigris 
contains a third. 



LECTURE LXXIV. 

DftRivATirEff OF AcETYLE.— The Kakodylb Gboup. — 
Chloracetic Add."— Acetone. -^Chloral and Heavy Mu- 
riatic Ether. -^ Substitutions of Chlorine in Light Mu- 
riatic Ether. — Sulphur-alcohol. — Its Relations to Mer- 
cury. -^Xanthic Acid. — The Kakodyle Group. — Oooide. 
— Chloride. — Kdkodylic Add. 

Chloracetic Acid ( C^HO^Cl^. — This remarkable body 
is formed when a smdl quantity of crystallized acetic 
acid is exposed to the sunshine in a j$;r-full of chlorine 
gas. The crystals which form on the inside of the vessel 

For what purpose is acetate of alumina used ? What varieties of acd- 
tate of lead are there, and how are they formed T What are the varietfel 
of aoetate of oopper 7 How is chloracetic acid made 7 
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are i» be dissolined in water, and the solution eyaporated 
in vacuo with capsules containing caustic potash and oil 
of vitriol. A little oxalic acid is first deposited, and then 
the chloracetic acid crystallizes as a colorless and deli- 
quescent body, with a powerfully acid taste, and capable 
of corroding the skin. It melts at 115^ F., and boils at 
390^. By comparing its constitution with that of acetic 
acid, it will be seen that in its formation three atoms of 
chlorine hav0 been substituted for three of hydrogen. It 
yields an extensive series of salts. 

Acetone — Pyroacetic Spirit (CglZ^O)- — may be made by 
passing acetic acid vapor through a red-hot iron tube, 
or by the distillation of dry acetate of lead. It is a lim- 
pid, colorless, and volatile liquid, boiling at 132^, bums 
with a bright flame, and is soluble in water and alcohol. 
Nordhausen oil of vitriol, distilled with acetone, abstracts 
from it one atom of water, yielding an oily body, the con- 
stitution of which is C^H^\ it is lighter than water, and 
has an odor of garlic. 

Sir R. Kane considers acetone to be the hydrated ox- 
ide of an ideal radical, Mesityle, CglZ^, and has been able 
to produce the oxide and chloride of mesityle. Zeise also 
discovered a compound consisting >of the oxide of mesityle 
and bichloride of^platinum. 

Chloral {CJSCl^O^, — When dry chlorine is passed 
into anhydrous alcohol, and th^ action finished by the aid 
of heat, hydrochloric acid is produced ; and on its ceasing 
to appear, if the product be agitated with three time^ its 
volume of oil of vitriol, and the mixture warmed, an oily 
liquid floats on the acid : this is chloral. It may be puri- 
fied by successive distillation from oil of vitriol and quick- 
lime. It is an oily, colorless liquid, which causes a flow of 
tears, leaves a transient greasy stain upon paper, has a 
density of 1*502, boils at 201°, is soluble in water and al- 
cohol ; it yields no precipitate with nitrate of silver. When 
kept for aiength of time in a sealed tube, it spontaneous- 
ly becomes a white, solid, insoluble chloral. In this con- 
dition it is little soluble in water, and reverts to its other 
state by being warmed. 

If chlorine acts on alcohol containing water, heavy Mu- 
- I ■■■■... I .1 1 , I . , I J , 

Whi^ is the relatioiiiliip between acetic and diloracetio acid ? What 
Ib the znode of plrepaiug p^roacetid spirit? What is mesi^le T Wh«| 
is chloral ? Under what oircomstanoes does insoluble chloral ibrm ? 
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riatie Ether ia fbrmed. It is a colorless and voialile 
liquid. 

The action of chlorine upon common ether, and also on 
the conu>ound ethers, is Tery interesting. It consists in 
the gradual removal of hydrogen, chlorme being substi- 
tuted for it. This, in many instances in which the aid Df 
the sunlight is resoited to, terminates in the entire re- 
moval of the hydrogen. In the compound ethers it is the 
basic hydrogen which is removed, while that of the acid 
escapes, as in the case of Morureied €tcetic and chlorureted 
formic ethers. When the vapor of light hydrochloric 
e&er is acted upon by chlorine gas, a complete series of 
compounds may be obtained, the hydrogen eventually 
disappearing : 

Hydrochloric etfaer C^HsCl; 

Monochlomreted hydrochloric ether . . C^HiCl%\ 
flichlorareted " *• . . C^HiCl»; 
Trichlomreted " • . . C^HtCU; 
aaadrichlororeted " " . . C^H Ch; 
Perchloride of carbon • C4, Ck; 

furnishing, >therefore, a very striking instance of the doc- 
trine of substitution. 

Mercaptan — SulphnT'dlcohol ( CJI^S^ — is prepared by 
saturating a solution of caustic potash, speciiic gravity 
1*3, with Bulphureted hydrogen, and distilling it with an 
equal volume of sulphovinate of lime of the same density. 
It passes over with water, on the surface of which it 
floats as a colorless liquid, ^ecific gravity '842, soluble 
in alcohol. It boils at 97^, smells like onions, and bums 
with a blue flame. Mercaptan corresponds to alcohol in 
which all the oxygen has been replaced by sulphur ; but 
in its action on metallic oxides it answers to the hydruret 
of a compound radical, C^H^S^, Thus, with peroxide of 
mercury, it ferms a mercaptide with the production of 
water ; and this may be decomposed by sulphurated hy- 
drogen, sulphjiiret of mercury subsiding, ana mercaptan 
being reproduced. Mercaptan derives is name from its 
strong affinity for mercury {Mercurium Captans). 

Xanthic Acid [C^H^S^O + SO). — Hydrate of potash is 
to be dissolved in twelve parts of alcohol, specific gravity 
•800, and bisulphuret of carbon dropped into the solution 

Describe the saccesaive action of chlorine upon ether. "Wliat remaric- 
able (qualities does mercapUnpossess ? How is it prepared? Pram 
What IS its iian^o derived f What is the proems for preparing zantfais 

acid ' 
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ondl it c6Bse0 to hayjB an alkaline reaction. On cooling to 
zero, the xanthate of potash crystallizes : it is to be dried 
in vacuo. It is soluble in water and alcohol, but not in 
ether ; and from it xanthic acid may be procured by the 
action j}£ dilute hydrochloric acid. Xanthic acid is an 
oily liquid, heavier than water, which first reddens imd 
then bleaches litmus paper. At 75^ it is decomposed 
into alcohol and bisul^huret of carbon. It is also decokn- 
posed by the action of the air. 

Kakodyle {CJI^s = Kd) is a compound radical, 
which gives rise to an extensive group of bodies, in whiph 
it acts die part of a metal. 

The Kakodfflt Oroup, 

KidEodyle, C4iM«. . i=iC<2. 

Oxide of kakodyle =zKdO. 

jOhkiride " ...:..... =sKdC^ 

Iodide " s KdL 

Salphnret '^ s=KdS. 

Arc. ace 

Kakodyle may be obtained by decomposing the chlo- 
ride of kakodyle with metallic zinc in an apparatus filled 
with carbonic acid gas, and may be purifiea by re-distil- 
lation from zinc, simils^r precautions being taken to ex- 
clude atmospheric air. It is a colorless liquid, of a pow- 
erful odor, taking fire on the contact of air, oxygen gas, 
or chlorine; boils at 338^, crystallizes at 21^, and is de- 
composed by a red heat into olefiant gas, light carbureted 
hydrogen, and arsenic. 

Odade of Kakodyle — Alkarsine — Cadet^s Fuming Liquor 
-—is prepared by the distillation of acetate of potash and 
arsenious acid, receiving the products in an ice-cold vessel 
the temperature being finally carried to a red heat. The 
oxide comes over in an impure state, sinking to the. bot- 
tom of the other products. It is to be decanted, washed 
With water, boiled, and then distilled in a vessel full of 
hydrogen from hydrate of potash. It is a colorless li- 
quid, specific gravity 1*462, boils atSOO^, and solidifies at 
9^ ; is sparingly soluble in water, but more so in alcohol ; 
18 excessively poisonous, possessing a concentrated smell 
like garlic Heated in the air, it bums, producing car- 
bonic acid, water, and arsenious acid. 

Chloride of Kakodyle may be procured by the action of 

What is its action on Htrntra paper ? What is kakodyle ? Ho^ may it 
be isolated Y What are alkarsine and Cadef s fuming liquor f How is \t 
l^repared* and what are its properties ? ^ ^ 

F F . 
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8 dilute solution of eorrosive sublimate on a dtlitte alco 

bolic solution of oxide of kakodyle ; a white precipitate 
falls, which, distilled with strong hydrochloric acid, yields 
corrosive sublimate, water, and the chloride of kakodyle 

S asses over. When purified by chloride of calcium, and 
'Stilled in an atmosphere of carbonic acid» it is a color- 
less liquid, of a dreadful odor, heavier than water, and in- 
soluble therein, but soluble in alcohol. It is very, poison- 
ous. It boils at about 212^, the vapor taking nre in the 
air. 

Kakodyiic Add — Alcargen. (Kd . 03>— may be made by 
the action of oxide of mercury upon oxide of kakodyle un- 
der the surface of water, at a low temperature. Kakodylic 
acid forms crystals which deliquesce in the air, are soluble 
in water and alcohol, but not in ether. It is hot acted uptA 
by oxydizing agents, such as nitric acid, but is reduced to 
oxide of kakodyle by several deoxydizing bodies. It is 
not poisonous. 

Kakodyle furnishes a complete series of bodies : the 
iodide, siuphuret, cyanide, and a substance isomeric with 
the oxide, which has the name of parakakodylic oxide. 



LECTURE LXXV. 

THBWooD-SpiRrr Group. — Methyle, — Its Oxide and Hy- 
drated Oxide, — Salt* of Methyle, — Pormic Acid, fuUu- 
ral and artificial Proditction qf.-^Derivatives of Wood 
Spirit, — Substitutions of Chlorine in Oxide ofMethyU. — 
Substitutions in Chloride of Methylei 

In the destructive distillation of wood in the prepare^ 
tion of pyroligneous acid» there passes over a body to 
which the name of wood spirit has been given. . This is 
the hydrated oxide, or alconol of an ideal compound rad* 
ical, passing under the name of methyle. 

Tke MeOtyU Group. 

Metfayle, Cg/fa .=sMe. ^ 

Oxide of methyl« ... . ^ UiO 

Hydrated oxide ^MeO-^-HO. 

Chloride . = MeCL 

Ac &c 

Wbat ia the process for prepiuing the chloride of kakodyle » What wTe 
ite properties ? What !»■ the constitution of alcargen? . Uuder vrhJat cii^ 
•omitanees is wooil spiritproducod ? What is ito ideal arffitpoand radicalf 
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Oxide of Ueihyle — Methtflie EHher—Wood Ether 
{CiH^O)» — This Substance is made from the hydrated ox- 
ide on the same principle that ether is obtained from al- 
cohol : one part of wood spirit and fbiir of (h1 of vitriol 
bein^gr heated in a flask, the vapor is passed through a small 
quantity of caustic potash solution, and received at the mer* 
ctuial trough. It is a permanently elastic gas, colorless, 
and has a specific gravity of 1*617, burns with a pale flame, 
is very soluble in water, which tdces up thirty<%three times 
its volume of it, and yields it unchanged when heated. 

Hydrcted Oxide of Meikyle-^ Wood Spirit — Pyroxylic 
Spirit — ^may be separated from crude woodvinegar by dis- 
tillation. It passes over with the first portions alon^ with 
a little acid, which, being neutralized with hydrate of lime, 
the wood spirit may be separated from the oil which floats 
on its suHace, and redistilled. The product thtka obtained 
may be rectified in the same manner as common alcohol, 
and rendered anhydrous by quicklime. It is then a color* 
less liquid, of a hot taste and peculiar smelL It boils at 
152^, and has a specific gravity of -798 at 6SO. It is sol- 
uble in water, dissolves resins and oils, and may be burn- 
ed like spirit of wine. It then exhales a peculiar odor. 

Chloride of Methyle {MeO^ may be made from the re-» 
action of sulphuric aotd upon common salt and wood 
spirit. , It is a colorless gto, which may be collected over 
water ; has a density of 1*731. It has a peculiar odor, is 
infiammable,.andinay be decomposed by passing through 
a red-hot tube. ^ - 

Sulphate of Oxide of Methyle {MeO, SO^) may be pre- 
pared by distilling one part of wood spirit with eight or 
ten of oil of vitriol ; the product is to be washed with 
water, and redistilled from caxistic baryta.^ It is an oily, 
neutral liquid, smelling like garlic ; specific gravity 1*3S4. 
It boils at 370°. It is not soluble in water, but is decom- 
posed by that liquid, especially tit the boiline temperature, 
into sulphomethylic acid and h3rdrated oxide of methyle. 
It is to be observed, that in the series of wine alcohol 
there is no compound corresponding to this. 

T^kraU of Oxide of MeihyU{MeO, NO^) is obtained by 

How is the oxide of methvle prepared, and what ia its form ? What ia 
the oonstitation of pyroxylic aptritt What are ita pmpertiea, and for 
what parpoaea may it be aaed t How is the rhlorida of metfiyle prepar* 
edT ui nie wine aeries, is there any eompoond analogous to sulphate of 
oxide of methyle 7 
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the acdon cf a ndsttnre of wood spkit a^d oU of ▼itriol 
upon nitmte of potaob. It is a ccuoriees liquid, heavier 
than water ; boils at 150° ; bums with a yellow flame. 
Its vapor explodes when heated. In a solution of caustic 
potash, it decomposes into nitrate of potash and wood 
•pirit. 

ChuOaU rf Chside of'Mdkffle (M$0, 0,0,) is made by 
distilling oxalic acid, wood spirit, and oil jof vitriol. The 
liquid which is collected is allowed to evaporate; it 
yields crystals of the oxalate. When i|ure,it is colorless ; 
melts at 124°, and boils at 322°. It is decomposed by 
hot water into oxalic acid and wood spirit, by solution of 
ammonia into oxamide and wood spirit. 

SuljfhameehyUc Acid (MeO, 2SO9 + HO), the com-, 
pound corresponding to sulphovinic acid, and prepared 
in the same way, by substituting wood spirit for alcohol 
It is thus procured as a sirup or in small <»'ystals, solu- 
ble in water and alcohol. It is an instable body, and pos- 
sesses many analogies with sulphovinic acid. 

Fannie Add (C^IKh + HO).— This acid, in the wood- 
spirit series^ is the analogue of acetic acid in the alcohol 
series. It may be procured on principles similar to those 
involved in tbe preparadon of acetic acid, as by the ^:^- 
ual oxydation of the vapor of wood spirit in the air under, 
the influence of black platinum. In a dilute state it may 
be prepared by >distilling one part of sugar, three of per- 
oxide of manganese, and two of watCT, with three parts 
of Bulpburic acid, diluted with an equal weight of wa- 
ter. The liquid which distills is to be neutralized by 
carbonate of soda, purified by animal charcoal, and redis- 
tilled along with sulphuric acid. It occurs naturally in 
the bodies of red ants, and hence has obtained the name 
of formic acid. FnNn the distillation of those animals it 
was originally procured. 

Anhydrous formic acid {C^HO^ obviously contains 
the elements of two atoms of carbonic oxide and one of 
water. It yields two hydrates, respectively oontaining 
one and two atoms of water. The first, for which the 
formula has already been givjsn, is procuted by the ac- 

How- is the nitrate obtained, aod what are its properties ? D^Kaibe the 
preparation of the oxalate and of ealpho-metliylic acid. A^hat is the oon- 
•titutiun of formic acid » How is it pwxjored ? From what circonuitanoe 
ts its name derived ? ^VTiat are its propertied T 
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tion of sulphureted hydrogen on fbrmiate of lead. It is a 
colorless liquid, of a strous odor; boils at 212^, and crys- 
tallizes below 32^. It is inflammable, and has a specific 
gravity of 1*235. It blisters the skin. Fbrmic acid yields 
a complete series of salts. 

Gklorofcftm ( G^HCk) is made^ by distilling wood spirit 
w>h a solution tf chloride of litne/ It is a colorless liquid ; 
specific gravity 1*48 ; boils at 141°. It bums with a 
green flame^ and is decomposed by an alcoholic solution 
of pc^ash into chloride of potassium and formiate k^ pot- 
ash. The relationship between formic acid and chloro- 
form is obvious : it consists in the substitution of three 
atoms of chlorine for tliree of oxygen* There are also 
two analogous compounds : 

lodofoTxn . CfHIi. 

> Formomethylal {G^H^O^) is prepared by distilling wood 
i^pirit, oxide of inanganese, and dilute sulphuric acid. On 
saturating the product with potash, formomethylal separ 
rates as a colorless oily liquid : specific gravity -855 ; 
boils at 107^, and soluble in water. 

Methyle-mercaptan.'^F ormed as the common mercap- 
tan, by substituting sulpkomethylate of potash fi)r sulpho- 
vinate of lime. It is analogous to common mercaptan. 

When chlorine is made to act on the oxide of methyle 
at common temperatures, it removes one of the hydrogen 
atoms; and by continuing the action, a ^econd'^may be 
taken away, and the process of substitution, as shown in 
the following series, may be cmried 4So (blt as to end in the 
remfoval of oxygen and the prodocdoi^ of chloride of 
carbon. 

Oxide of met^yle . . . . . . . CtH»0. 

1st Biibstitatioii . . C^UtO, €L 

2d « . CfH 0,Clv 

3d " . . ... . . . e, 0,Ci». 

4th " (diiorideofeaxboB). Ca d^- 

Other methylic compounds fbmish similar series, thus : 

Chloiideofmethyle . CtHjCl 

1st s^b«titation ......... CtHtCl^- 

2d " (chlorofonn) C^H Oh, 

3d •' (chloride of carbon) . . C% Cl^, 

> How is chloroform obtained t What is the process for preparing for. 
momethylid 1 DescrihjB the series of sabstitations ^ chlorine on the oxide 
of methyle. Describe uie analogptis substitations with chloride of metfayle t 

Fp2 
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"LECTURfi LXXVI. 

Tbb Potato Oil Grsour. -— JPW«Z Oil. — Chloride of 

Amyle. — Sulphamyiic Aeid^-^Amtlei^^r-^Rdatunu of 

VaUri€uUc Acid. 
Thx Bbnzylk Q^ROur^'^Oil of BiUer Almonds^ — Betizoic 

Aeid.'^^Sviphobemzoitf Add.^^C&laride of BeuzyU. — 

Bemzamide, 

In the distillation of brandy from potatoes, a volatile 
oil passes over, it is regard^ as the hydrated oxide of 
an ideal compound radical, which passes ander the name 
of Amyle, having the constitution C.qHIi. 

The Potato CHI Qtmi^ 

Amyle, CioHii ^=Apt. 

Amyle ether ^ = AylO, 

AmyieakoM (potato nil) z^AsiO-^HO. 

Chloride of amyle = AylCL 

Amilen CwHio* 

Valerianic acid Ci^H^O^ 

Of these, amyle and its oxide^ amyle-ether, are ideal. 

Hydrated Oxide qf Amyle — Amyle Alcohol—^Potato Oil 
— Fusel Oil ( CioHii Q-^-HOy-^This substance passes over 
toward the end of the first distillation of potato spirit j and 
communicates to it a milky aspect. On standing, it floats 
on the surface, and may be purified by.v^'asbinff with wa- 
ter, drying with chloride of calciunr, and redistillation. 
It is a fluid oil of a suffocating odor, which acts power- 
fully on the animal system. Its specific gravity is -816 ; 
it boils at 269°. 

Chloride of Amyle {AylCl) is made by distilling equal 
weights of potato oil and perchloride of phosphorus, wash- 
ing with potash water, and fedistilling trom chloride 
of calcium. It is an aromatic liquid, boils at 215^, and 
bums with a green fiame. Under the influence of sun 
shine, eight of its hydrogen atoms paay be removed, eight 
chlorine fttoms being substituted for them, CioffuCl yield- 
ing CioH^CIq, forming chlorureted chloride of amyle. 

What is the imaginar}' rndtcal of the potato oil prmnp 1 What- nre th« 
aatiiro aiid relatiooa of foael oil 1 What aro the pn>i>ertie« of the clilorid# 
of amyle 7 * 
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The Iodide and Bromide ofAmyle are compounds anal- 
ogous to the chloride. 

Acetate of Oxide of AmyLe is obtained by distilling ace- 
tate of potash; potato oil, and sulphuric acid. It is a col- 
orless liquid, which boils at 257°. 

Sidphamilic Add {AylO, 2SO3H+ O) is generated 
when sulphuric acid is knade ta act on an equal weight of 
potato oil. From this, by the successive action of car- 
bonate of baryta and sulphuric acid, it may be procured 
by operating on the same principles as for sulphovinic 
acid, to which, both in constitution and propeities, it is 
the analogue. It is a sirupy or crystalline body, and is 
decomposed by ebullition into potato oil and sulphuric 
acid. 

AmUen (CjoHio) is obtained by the action of anhydrous 
phosphoric acid on potato oil ; it is an oily liquid which 
boils at 320^. In constitution and position it, therefore, 
occupies, in the amyle series, the same situation that ole- 
fiant gas does for the wine alcohol series, and, indeed, is 
isomeric with that body. 

Valerianic Add ( C^JS^O^) bears the same relation to the 
amyle grou|> which acetic acid does to the wine alcohc^ 
group, or formic acid to the wood ^spirit ^proup. It is 
formed when warm potato oil is dropped on platinum 
black in contact with the air. It occurs naturally in the 
root of the Valeriana Offidnalis,hut is best made by heat- 
ing potato oil in a flask, with a mixture of quicklime and 
hydrate of potash, for several hours at a temperature of 
400^. The white residue is immersed in cold wate^, and 
distilled with a slight excess of sulphuric acid, so as to 
drive off hydrated valerianic acid and'water. It is a col- 
orless oil of an acid taste, combustible,'and boiling at 347®. 
When a^ted Upon by chlorine in the dark, and the action 
aided by heat, it gives rise to CMorovaleridc Acid {C^qH^ 
ClaOti -h HO), in which there has been a riemoval of three 
hydrogen atoms and a substitution of three of chlorine. 
Under the influence of the sunshine, by the same prboess, 
another hydrogen atom is removed, and Chlorovulerode 
Add forms; its constitution being GioH^Ci^Os -f HO. 

To what substance is solphaxuilic acid^ analogous 7 What relation ii 
there betvreen amilen and olefiant gas T What is the relation between 
acetic and valerianic acids ? JFrom what natural soofce may the latter b« 
ierived ? How is it made artiiictaUy f What U the »iicoe88i¥e actiflo^of 
chlorine u|M>n it 7 
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Tk$ MmzpU Group. 

Benzyle, CuHbOi ^Ba. 

Hydmretofbenzyle =Ar4-//. 

Oxide of benzyls (benacne acid) . . . .ssJBr-fO. 

Chloride . . . ^ =:£«+Ct 

&C. Ac. 

Of this series, benzyle, the radical, is an ideal body. It 
IS. a radical which discharges the fiinctions of a metallic 
body, giving rise to oxides, chlorides, iodides, &€., as the 
table shows. 

Hydruret rfBmzyh^OU ofBiUer Alnumda (BzB)—\a 
obtained by the distillation of bitter almonds, from which 
the fixed qil has been expressed, with water, and arises 
from the action of the water upon AmygdcUine contained 
in the seed. It may be purified by distillation from pror 
tochloride of iron with hydrate of lime in excess^ and is a 
colorless liquid of an agreeable odor, slightly heavier than 
water, and also slightly soluble, therein, but very soluble 
in alcohol and ether. It boils at 356^. In the air it pass- 
es into benzoic acid by absorbing oxygen. 

Oxide of BcHzyle— Benzoic Acid [BzO -\- UO).— This 
acid is obtained by sublimation from gum benzoin^ that 
substance being placed in a shallow vessel, over the top 
of which a cover of filtering paper is pasted, and this cov- 
ered by a taller cylinder of stouter paper. On heating, 
the vapors pass tkpough the filtering paper, and, condens- 
ing in feathery crystals in the space above, fall down upon 
the paper and are retained by it. A better method is to 
boil a mixture of the gum with hydrate of lime, filter, 
concentrate the solution, add hydrochloric acid^ and the 
benzoic acid crystallizes in thin plates on cooling. It may 
be subsequently sublimed. "When pure it has no odor. 
It melts at 212^, and boils at 462^. Its vapor excites 
coughing.. It is much more soluble in hot than in cold 
water. It forms a series of salts, and is sometimes used 
for the separation of iron from other metals. 

Stdphoheitzaic Add {Ci^^O^, SO^ + 2H0), a bibasio 
acid, fi»Tned by the action of anhydrous sulphuric acid 
upon benzoic acid, the mass being dissolved in water and 
neutralized by carbonate of baryta. On filtering, and add- 

What IB the radical of the benzyle series ? Wliat is oil of bitter al - 
nonds ? From wjiat sabstaitce dee« it arise? What is benzoic acidl 
By \^bat processes may it be- prepared?. What is the process for pre 
{Aring^ sulphobenasoic acid ? 
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ing hydrochloric acid to the hot soIutioD, on cooling the 
milphobenzoate of Baryta crystallizes, which may be de- 
composed by dilute sulphuric acid. It i» a white crystal- 
line mass. 

Chiaride of Benzyle (Bz-Cl), — When chlorine gas is 
passed dirough oil of bitter almonds, hychrochloric acid is 
formed, and; after expelling the excess of chlorine by heat, 
chloride of benzyle remains. It is a colorless liquid, of 
a disagreeable odor, heavier than water, combustible, and 
decomposed by boiling water into benzoic, and hydrochlo- 



Bmzamide(Ci4fIiN0^ is formed by the actipn of chlo- 
ride of benzyle on dry aminonia, the hydrochlorate of un- 
monia being Temoved £rom the resulting white mass by 
cold water. From a solutiott/ in boiling water, the ben- 
seamide crystallizes. It melts at 239^. It correq>onds 
in its chemical relations to oxamide. 

Hydrobenzamide ( C^Hi^N^, made by the action of pure 
oil of bitter almonds on solution of an^monia^ the product 
being washed with ether, and from its alcoholic solution 
this isubstance crystallizes; bat when impure almoibd oil 
is employed, three other compounds may be obtained : 
tliey are benzhydramide, azobenzoyle, and nitrobenzoyle. 



LECTURE LXXVII. 

The SALtcTLE and CmNABiTLE QtVMmn.^^Beiizaine, Beh^ 
zone. Benzine, — Htppuric Acid. — The SalicyleX^roup. 
-^Artificial Formati&n of OH qfSpiraia, — CJompounds 
of Salieyle, — Melanic Add,- — The Ginnakvle Grovp. 
— Compounds of Cifmamyle. 

Bbnzoine ( (744^*602), a body isomeric widi bitter al- 
mond oil. It is found in the residue after purifying that 
oil from hydrocyanic acid by distillation from lime and 
oxide of iron, and may be obtained by dissolving out those 
bodies by hydrochloric acid. It crystallizes from an alco- 
holic solution, on cooling, in colorless crystals, which melt 
at 248^. It dissolves in an alcoholic solution of caustic 

How is the ehloride of benzyle made 7 How are benzamide and liydit>> 
Denzainide formed ? What relation doei benzoine bear to oU of bitter 
ahnonds? 
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potaah, wJiich, by boiling' until the yiolet eolor has^eap* 
peared, famishes benzilate of potasfa, a salt from which 
bensilic acid may be obtained by hydrochloric acid. The 
constitution of BemzUic Add is C^^^ On -\- HO. 

Bfn^one (CnH^O) is obtained by the distillation of dry 
b«5nzoate of lime at a high temperature, carbonate of lime 
remaining behind. The de^mposition is interesting, the 
benzoic acid atom being diyided, and yielding benzone 
and Cbrbonic aci4* 

C,,H,0,:..=i...C,MO+CO^ 

Benzine (Ci^/if^) ai-ises when crystallized benzoic acid 
is distilled from hydrate of lime at a red heat. It is an 
oily liquid, and, after being separated fit)m the water which 
comes over with it, is to be rectified. It boils at 167^, so- 
lidifies at 32^9 and is lighter than water. In its^rmation 
tiie hydrated benzoic acid is resolved into benzine and 
carbonic acid. 

C^JI^O^ ... = ... C„fl;+2(CO,). 

Sfiiphobenzide {CaS^SO^) is formed by taking the sub- 
atance which arises from the nnion of benzine witli anhy- 
drous sulphuric acid, and acting upon it witii an excess 
of water. The sulphobenzide, which is insoluble in 
that liquid, may be obtained in crystals &oin its ethereal 
solution. It melts at 212^ F. From the acid liquid from 
which it has been separated hyposulphobenzic acid may 
be obtained. Its constitution is Ci^H^S^Oi-\- HO. 

NUrobenzide (CitHiNO^), produced by the action of 
fuming nitric acid on benzine, with the aid of heat. It is 
an oily liquid, of a sweet taste, heavier than water, and 
boiling at 4150. From it Azohenzide (Q^H^N) may be 
obtained by distillation with an, alcoholic solution of caus- 
tic potash, in the form of red crystals. 

Chlorbenzine{C^^H^Ck) is formed by the union of ben- 
zine and chlorine in the sun-rays. When distiDed, the 
solid yields hydrochloric acid and a liquid, Chlarhenzidt 
(Cx^H^Clz), 

Hippuric Acid (C^JFTgiVOs-f iJO) is found in the uriiie 

. ^Yhftt if tho reinlt of the distillation of di^ benzoate of lime t What 
is the nature of die deeomposition t What is-tjie result of the distillatioil 
of crystiilhzed benzoic acid and hydrate of lime t What is the resdt of 
the action of anhydions sulphuric acid and benzine ? What is the action 
of mtric a<;id on benzine 1 What substance results from the anion of ben- 
aine and chlorine t From what sonroes may hippuric acid be obtained » 



1^ graTiii|iivt>rQa8 ammals, and occurs in the urine of per* 
sons who have taken benzoic acid. It may be prepared 
by evaporating the fresh urine of the cow, and acidulating 
the Concentrated liquor with hydrochloric acid ; crystfda 
of hippuric acid are deposited, which may be decolorized 
by bleaching liquor and hydrochloric acid. It crystallizes 
in. square prisms, sparingly soluble in cold water, of a bit- 
ter taste and acid reaction. By a high temperature or the 
action of sulphuric acid, it yields benzoic acid. 
THE SALICYLB GROUP. 
There is contained in the bark of the willow ^nd other 
trees a bitter crystalline principle, Salicine (Csi^TisOn). 
This substance may be extracted by boiling the bitter bark 
in water, and digestino; the concentrated solution with ox- 
ide of lead to decolorize it, removing any dissolved lead 
by sulphureted hydrogen, and evaporating until the sali- 
cine crystallizes. It forms white needles of a bitter taste, 
much more soluble in hot than cold water. Distilled with 
bichromate of potash and sulphuric acid, it yields hydros 
salicylic acid, or the artificial oil of meadow sweet, a sub* 
stance containing Salicyie, the ideal compound radical of b 
series of bodies. 

7%e Salicyle Group. 

SaKcyle, Cu/fftO* .,...,.= 81. 

Hydrosalicylic add ^s 81H. 

lo^dcofsalibyle =: Sil. 

Chloride = SlCl. 

' Hydrosalicylic Add — OUof Spir^sa Vlmana, or Mead- 
ow Sweet {^Ci^H^O^+H) — is prepared by distilling dnc 
part of salicine, one of bichromate of potash, two and a 
half of sulphuric acid, and twenty of water ; the salicine 
being dissolved in one-portion of the water, and the acid 
mixed with the rest- The yellpw oil which comies ovei 
is rectified from chloride of calcium. It may also be ob- 
tained by distilling the flowers of meadow sweet with 
water. It is transparent, but turns red in the air. It i» 
slightly i^oluble in water,, and very soluble in alcohol. Its 
specific gravity is 1*173 ; it boils at 385° F. It contains 
the same elements as benzoic acid. 

SaUci/Mc Acid {Ci^H,0^-\- O) is obtained by' the actioi' 

Under what circumstances does benzoic acid produce it f From Whii! 
is »aliciiie obtaiued ? What is the constitution of aalicyle ? How may 
the oil of meadowr sweet be made artificially T 
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0f hydrafe of potash on the forgoing body by the wmns- 
mace of heat. After the disengagement of hydrogen is 
over, the mass is dissolved in water, and salicytic acid 
separates in crystals on the addition of hydrochloric acid 
It IS more soluble in hot than cold water, and is charred 
by hot oil of vitriol. 

Chloride rf SaUcyU (GiJE[sOJII)\b made by the-action 
of chlorine on hydrosaMcylic acid. Its crystals are insol 
uble in water, but soluble in solutions of fixed alkalies, 
from which it separates on the addition of an acid, resist- 
ing decomposition even when boiled in caustic potash. 
It unites with caustic potash. 

Bromide and Iodide of Salicyle also exist, but are not 
of interest 

Cklarofomide (CiajETuiN^OsC^). — ^Anunoniacal gas is ab- 
sorbed by the chloride of salicyle, producing a yellow 
body, which crystallizes from a boiling ether^ solution. 
It is insoluble in Water. When acted upbn by hot acids, it 

Slda a salt of ammonia and chloride of salicyle; an al- 
i forms with it ammonia and chloride of salicyle. There 
is an analogous bromosamide. 

Salicyluret of Potassium (KSl) is formed by the actioD 
of oil of meadow sweet on a solution of caustic potash. It 
forms in yellow crystals from its alcoholic solution, and . 
has an alkaline reaction. 

Melanic Acid {CiJl^O^) is produced when the crystals 
of salicyluret of potassium are exposed in a moist state to 
the air. They first turn green and then black, and alcohol 
extracts from them melanic acid. 

CINITAMYLB. 
The essential oil of cinnambn is supposed to be the hy- 
druret of an ideal compound radical, cinnamyle. analo- 
gous to benzoyle, and yielding a series. 

The Cinnamvle Group, 

Ciimamyle, CisJ^tOs ^ rL 

H^^tofefamamylefoilofcinnanion); '. ! ! =Cik 

jChSide « (cinnamic acid) . . . . = CtO. 

&G. • • ! • = CiCL 

H^ruret of dnnamyle-Oil ofCinnamon {Sh,0, 4 

mo^aSn^hteoflSi^^^^^ Whatis'the acti^of ami 

prddoced ? What is 2ft«%.--L.. J^? -f ^°*' circtimatancea is melanic Hcid 
tution of ciBnamvle ? eM««»tiaI oil of cinnamon ? What is tho cdnsti 
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JJ)-'-t8 obtained by rafusing einmimon in a soiuliofi of 
salt, aii^ then cHsulling the whole. It is heavier than 
waiter, and may be separated from that liquid bj contact 
wMt chloride of c^cium. 

CHnnamic Acid (CuHjO^ + O) is formed when oil of 
danambn js exposed to oxygen, gas, the oil becoming a 
white crystalline mass, hydrated cinnamic acid. It may 
also be obtained by boiling hard Tola balsam with hydrate 
of lime. The cinnamate of lime crystallizes as the solu- 
tion cools, ben?oate of lime remaining in solution. The 
crystals^ are decolorized by animal charcoal, and then de- 
composed by hydrochloric acid ;' from the hpt solution 
cinnamic acid crystallizes. It melts at 248°^ and boils at 
560°. It is soluble in boiling water and in alcohol; is 
decomposed' by hot nitric acid« and yields benzme acid, 
witii oil of vitrw)! and bichromate of potash. 

GAlorocinnose {Gi^HJ^l^O^) arises from oil of cinna- 
mon by the substitution of four atoms of chlorine for four 
of hydrogen, and is made by l^e action of chlorine on oil 
of cinnamon by the aid of heat. It crystallizes from its 
nlcoholic solution in colorless needles. 



LECTURE LXXVin. 

The Nitrogenized Principles. — Ammonia aawi iu 
Salts. — Cyanogen. — Preparation and Properties of 
Prmsic Add, — Amygdatine and Synaptase, — Ths Uy- 
anides.-^Osbygen Acids of Cyanogen. 

Ammonia. — I have already described, in Lecture LV , 
the compounds of hydrogen and nitrogen, under the 
names of amidbgen, ammonia^ and ammonium, and have 
also shown the relation there is between the salts of 
potash and soda and those of the oxide of ammonium. 
This compound metal is a liypothetic^l body; its exist- 
ence may, however, be illustrated by passing a Voltaic 
current through a globuld of mercury in contact^ with 
moist chloride of ammonium, or by putting an amalgam 
of mercury and potassium in a strong solution of that salt. 

How may cinnamic seid be prepared? What is tlie constitation -ol 
eblomciimofle, and how is it prepared'? Wliat is ammonium ? 

Gg 



^50 OOMPOUNINI OF AMMONIA. 

The mercury rapidly mcreases in yolume, retaining its 
metallic aspect, becomes of the consistency* of butter, with 
ft Tery trivial increase c^ weight ; the resulting substiuice 
is the Amfnamiaeal Amalgam, All attempts to ininilato 
ammonium fiom ithave &iled. 

The most important salts of ammonia are the foQowing : 

Chloride ofAmmatiuart^SqlAmmamac—'Muriaie of Am- 
monia — was formerly brought from' Egypt, but is now 
made from the ammoniacal liquors resulting from the 
destmcdve distillation of animal matters, coal^ bcc It is 
soluble in water, crystallizes in cubes or octahedrons, and 
sublimes below a red heat unchanged. It is decomposed 
by lime and potash, and is formed when the. vapors 
of ammonia mingle with those of muriatic acid. . 

NUraU tf Ammonia is formed by neutralizing nitric 
acid with ammonia. It is deliquescent, and therefore 
very soluble in water. It melts at 240% and at a higher 
temperature decomposes into steam and protoxide of ni- 
trogen, as is explained in Lecture XLV. 

Carhomates i^ Ammoniaf—The netUral carbonate only 
exists in combination. With the carbonate of wat^rit 
unites, forming Bicarbonate of Ammonia^ which may be 
prepared by washing the commercial Sesquicarbonate with 
water or alcohol, which leaves it undissolved. The car- 
bonate of ammonia of commerce is prepared by sublima- 
tion from a mixture of sal ammoniac and chalk. Its con- 
stitution is not uniform, though it is commonly reg^arded 
as a sesquicarbonate. 

Sulphate -of Ammonia may be made by neutralizing 
sulphuric acid with carbonate of ammonia. It is soluble 
in twice its weight of cold water, and crystallizes in six- 
sided prisms. 

Hydrosulphuret of Ammonia is made by passing sul- 
phureted hydrogen into water of ammonia until no more 
IS absorbed. 'Though colorless at first, it absorbs oxygen, 
and, sulphur being liberated, it turns yellow. It is of 
considerable use as a metallic test 

CYANOQKS,-^Bicarburet of Nitrogen (CjiVy.-^The mode 
of preparing this remarkable body, and also its leadhig 

How is the ammoniacal amalgam prepared ? From what sources is md 
■mrooniac deriv«d ? For what purpose is uitrate of ammonia employed? 
What is the carbonate of ammouia of commerce ? How is hydnMiiupbaret 
of amwonia made, and what is its use 1 Wbat is the ^onstitcitioa of cy* 
■Dogenf 
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properties, have been described in Lecture LV. It is ot 
greBt interest in organic chemistry, as being the first db- 
tinctly. established compoiind radical, and the best repre- 
sentative of the electro-negative class of those bodies. 

We, may call to mind that it is easily made by the de- 
composition of cyanide of mercury at a low red beat, is 
a gaseous body, ^oluble in water, and, therefore,. must be 
collected over mercury. It is combustible,, and bums 
with a purple flam^. 

7^ Opanogmi Qrtmp. 



CyfDogeB, CtN = Cy* 

Hydrocyanic acid = Cyh. 

= (^O 

Cyanuric acid 2: C^^Oi. 



iydrocyanic acid = CyH, 

Cyanic acid = QfO, 

Fidjniikic acid i , , =iCff^Ot. 



dtc. . %c 

Paract/anogen (G^N). — ^When the cyanide of mercuiy is 
decomposed in the process for preparing cyanogen, a 
In-oiifnish substance is set free, which is paracyanogen. It 
is insoluble in water and alcohol, and is only remarkable 
in being isomeric with cyanogen. 

Hydrocyanic Acid — Frussic Acid — Cyanide of Hydro- 
gen {CiN-j-H). — Hydrocyanic acid n^ay be obtained in a 
state of purity by passing dry sulphureted hydrogen ^ 
over dry cyanide df mercury in a tube, and conducting 
the vapor, which is evolved when the tube is warmed, into 
a vial immersed in a freezing mixture. The result of the 
decomposition is sulpfauret of mercury and hydrocyanic 
acid. In a state of aqueous solution, it is best obtained by 
the action of dilute sulphuric acid on the ferrocyanide of 
potassium in a retort, and receiving the vapor in a Liebig's 
condenser. Having ascertained the strength of the prod- 
uct, it may then be diluted to the proper point. This ex- 
amination may be conducted by precipitating a known 
weight of the acid with nitrate of silver in excess, collect- 
ing the cyanide of silver on a weighed filter, washing, 
drying, and reweighine, whicii gives the weight of the 
cyanide. This, divided by five, is the weight of the pure 
hydrocyanic acid, nearly. 

Anhydrous hydrocyanic acid is a colorless and very vol- 
atile liquid, which exhales a strong od<M:> of peach blooms ; 



What interestiu!^ fact is connected vrith its discovery t What are iia 
properties ? What is paracyan6gen ? How may hydrocyanic acid b« 
ttunde 7 By what process, caii its strength be determined ? 



852 iBfTGDALlNE. 

has a density of *705 ; boils at 79^. It mixes imih water 
aud alcohol in any proportion. A drop of it held in tih0 
air on a glass rod becomes solidified by the rapid evapora- 
tion from its surface. In the smilight it decompotes rap- 
idly, producing a dark-colored substance ; and'tbe -same 
change goes on, though much more slowly, in the dark. 
It is one of the most insidious and terrible poisons, a few 
drops producing death in a few seconds; and even its 
▼apor, largely diluted with air, brings on very unpleasant 
symptoms. Under the action of strong acids it is decom- 
pbsed into ammonia and formic acid, the change being 
very simple : 

Qjy; JI+ 3HO = NH, + C,HO^ 

Under such circumstances, hydrochloric acid yields mu 
riate of ammonia and hydiated formic add. Hydrocy 
anic acid may, to a certain extent, be preaerred froitt 
spontaneous chanse by the presence of a minute quantity 
ca any mineral acid. 

Frussic acid may be detected by its smell, and by yieldr 
ing a precipitate of Prussian blue when acted upon in so- 
lution successitreiy by sulphate of kron, potash^, and an exr 
cess of hydrochloric tM^d. The lipoid in whidi the pdi^oB 
is suspected to exist should be acidulated with sulphuric 
acid and distilled, and the hydrocyanic acid will be found 
in the first portions which come orer. 

Amygdmine {C^oBttNO^)*-^-^ crystellizaUe substance 
found in bitter almonds, the kernels of peaches^ &c. ; is of 
considerable interest in connection with hydrocyanic acid, 
inasmuch as these organic bodies yield, when disriUed with 
water, that substance. The change consists in the ac- 
tion of water upon amygdaline by the aid (^ an aeotized 
ferment called Synaptase, or Emtebine, wkdcb. constitutes 
the larger portion of the pulp of almonds ; the bitter al- 
mond oil at the same time makes its appearance. .Amyg- 
daline may be abstracted fiom the paste of bitter almoi^db, 
from which the fixed oil has been expressed, by the aid 
of boiling alcohol, which being subsequently distilled off, 
the sugar which is contained in the sirtipy residue is de- 
stroyed by fermerntation with yeast The liquid being 

what are its properties ? What is the action of strong jicids upon it t 
How may it be partially preserved from spontaneous change 1 How insy 
it be detected ? What is amygdaline ? Wliat is. tUe fctio-i of a>'napta«« 
and water upon it? How may it bo obtained ? 
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0¥8porated again to a sirup, is mixed witli a}cohol> wbioli 
|}feeipitat6fl the amygdaline as a white crystalline jraw- 
der, purified by being ^redissolved in alcohol and left to 
cooL It is solubte in hot and cold water, but sparingly 
soluble in cold alcohol. A weak solution of it in water, 
under the influende of a small quantity of the emulsion oi 
sweet almonds, yields at once oil of bitter almonds and 
hydrocyanic acid. When amygdaUne is boiled with an 
a&Ealif It yields Amygdalinic Acid^ which forms a salt with 
the alkali, and ammonia is evolved. 

Cyanide rfPota^num {KCy) may be formed by the di« 
rect union m cyanogen and potassium, or by the ignitiui 
of the ferro(^^nide of potaelsium in a close vesseL For 
OHnmon purposes in the arts it may be formed in a state 
somewhat impure by mixing eight parts of ferrocyanide 
of potassium, rendered anhydrous by heat, wfth three of 
carbonate of potash, also dry, and fusing the mixture in a 
crucible, stirring it until the iluid part of the mass is col- 
orless. The sediment is allowed to settle, and the clear 
liquid poured ofi*; it is the substance in question. Cyanide 
of potassium is very soluble in water, yields coloi^ess ocr 
tahedral crystals, which deliquesce in the air; it melts 
without change at a red heat, and exhales the odor of 
prussic acid. It is vet^ poisonous. 

Cyanide of Mercury may be made by dissolving red 
oxide of mercury in hydrocyanic acid, or by the action of 
a solution of ferrocyanide of potassium on sulphate of 
mercury ; the cyanide crystallizing from the filtered hot 
solution. It forms fine prismatic crys^s,'more soluble in 
hot than cold water^ It is poisonous ; and, when decom- 
posed at a low red heat, yields cyanogen gas. 

Cyanic Add ( Cy 0+ HO) is procured by heating in a re- 
tcHt oyanuric acid, deprived of its water of crystallization; 
a colorless liquid comes over into the receiver, which is 
die hydrated cyanic acid ; it has a-strong odor like acetic 
acid, and produces blisters on the skin. It is decomposed 
by the contact vrith water into bicarbonate of ammonia. 

C^NO,HO + 2nO...=2:..C,0,+ NH,, 
and is a very instable body, spontaneously changing in a 
short time into'^ Cyamelide^ a body of the same constitu- 
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tion, but a white opaque solid, insoluble in water and al- 
coholy and decomposed by hot oil of vitriol into carbonate 
of ammonia. 

FtUminicAdd (Cif^Ot+2HO) has not yet been insula^ 
ted, but some of its salts, presently to be described, are 
characterized by the violence with which they detonate 
under very trivial disturbances. It is a bibasic acid. 

CyanuficAcid^Cy^Ot+^HO) may be made by heating 
urea, which disenga^ ammonia; the residue is dissolved 
in hot sulphuric acid, and nitric acid added until the 
liquid becomes colorless : on mixing it with water, and 
allowing it to cool, the cyanuric acid separates. Its crys- 
tals are efflorescent ; it is sparingly soluble in water, and is 
a tribasic acid ; and, as has been already stated, at a red 
heat it may be distilled, and yields cyanic acid without 
any other product 



LECTURE LXXIX 

Bodies allied to Cyanogen.-— So/to oftke Oxycyana- 
gem Acidi, — ^Ferroctanooen. — Ferroct/anides of Hy^ 
drogen and Potasnum. — Prussian Blue and Basic Blue. 
— Ferridcyanogen. — SuLPHOCYANOGEN. — Compounds 
toiih Hydrogen and Potassium, — Mdam^ Melamine^ Sfc, 

Cyan ATE of Potash (KO, CyO) may be prepared by ox- 
ydizing cyanide of potassium by oxide of lead in an earth** 
en crucible ; the result boiled with alcc^ol yields, on cool- 
ing, crystals of cyanate of potiUh, in thin» transparent 
plates, which undergo no chango in dry air, but with 
moisture become conv^ted into bicarbonate of potash 
and ammonia. 

s Cyanate of Afnmonia — Urea (CVHi2ViO,).-rThe vapor 
of hydrated cyanic acid, mixed with ammoniacal eas, 
Yields cyanate of ammonia. The solution in water, when 
heated, gives off ammonia, and the cyanate changes into 
Urea^ from which caustic alkalies can not disengage 9xn* 
monia. Urea may also be made from the action of sul- 
phate of ammonia or cyanate of potash. 

Wliat of fiilminic acid ? What of cyanuric acid 7 How is th0 cyanato 
€»f pitasb made 7 How may urea be formed artificially f 
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FulmmeUe of Silver {2AgO, C^N.Oi) is made by dig 
Bolvitig silver in warm nitric acid an^d adding alcohol. It 
separates from the hot liquid ip white grains, which, being 
washed in water, are dried in small portions on filtering 
paper. It detonates with wonderful violence when ei- 
ther struck or rubbed. It .is sparingly soluble in hot wa- 
ter, and crystallizes from tliar .solution ob cooling. It 
yields, by digestion with water aud metals, salts, &s those 
of zinc and copper. 

Fulminate of Mercury {2HgO, C^N^O^) is prepared in 
the same manner as the foregoing, and, like it, is very ex- 
plosive. It is used for makinff percussion caps. 

Chloride of Cyam^en ( CyCt) is prepared by the action 
of chlorine on moist cyanide of mercury in the dark. It 
is a colorless gas, soluble in water, congeals at 0^, and 
boils at 119 ; condenses into a liquid under the pressure 
of four atifiospheres,. When kept in this, conditipn, in 
sealed tubes, for a length of time, it assumes the solid 
state, which form may also be given to it by acting on an- 
hydrous hydr6(;yanic acid by chloiine in the sun's rays; 
hydrochloric acid is formed, and the solid cyanide crys- 
tallizes. It exhales a peculiar odor, melts at 284^, and 
is soluble in alcohol and ether. 

■ \ ■ , PBRROCYANOGBN. 

Ferrocyanogen (CaNiFe = Cfy) is an ideal compound 
radical. ' ' 

Hydrqferrocyamc Add {Cfy\ 2H) may be Obtained by 
decomposing the insbluble ferrocyanide of lead by sul- 
pbureted hydrogen while suspended in water. The so- 
lution being filtered, k to be evaporated with sulphuric 
acid in vacuo until the acid is lef^ solid. It may also be 
prepared by agitating its aauepus solution with ether, or 
by adding hydrochloric acia to a strong solution of ferro- 
cyanide of potassium, and then mixing it with ether, ^hich 
precipitates the acid. It is spluble in water, to \vhich it 
gives a powerful acid reaction^ It decomposes alkaline ' 
carbonates with effervescence, and does not dissolve o\-r 
ide of mercury in the cold. In these respects, therefore, 
it strikingly differs from hydrocyanic acid. 

V/hat is thti i/mcoBs for preparinij^ fulmiiiatiDg silver, .and what are ifai 
prupcrties ? For wlmt purpose is fulminate of mercury used ? What re- 
Fults from the actiou ofi^hlonue ou c>*anide of raei-carv iu.the dark ? What 
U ferrocyauo(<eu 7 How is hyih-oferrocyaiuc acid oLttuued I ' ] 
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Ferrocyamde of Pifta$niiim — Pruuiaie of PaUuh — 
(2£^ Qy-k- 3HO)s — This salt is made on the larg^e scale b> 
igniting potash, iron filings, and animal matters in an iron 
vessel ; the mass is then a^ed upon bj hot water, which dis* 
SoWes out a large quantity of cyanide of potassinm, which 
is converted into the fi^rrocyanide by the iron, and the 
filtered solution, on cooling, yields it in lemon-colored 
erystals, soluble in four parts of cold water. It is not 
poisonous. At a red heat it decomposes, and yields cy- 
anide of potassium. It is a yerj valuable reagent ; with 
copper it yields a chocolate precipitate ; with protoxide 
of iron, a white ; and with peroxide of iron, Prussian blue. 

QmmoB Pru$9ian Blue {SCfy-^ AFe) Is prepared by 
precipitating a persah of iron by solution €if ferrocyanide of 
potassium ; when dry, it is of a deep blue, with a lustre of 
coppery-red. It is insoluble in water, is decomposed by 
alkaUne solutions, which yield alkaline ferrocyanides, and 
precipitate oxide of iron. It is soluble in solution of ox- 
alic acid, and then constitutes, the basis of blue writing 
inks, which are used fi>r steel pens. It is also much em- 
ployed as a paint. 

Basic PruniahBlue {SCfy,iFe + JPVO,) id formed when 
the white precipitate, yielded by a protosalt of iron with 
ferrocyanide of potassium, is exposed to the air. As its 
formula shows, it is common Prussian bhie, witb perox- 
ide of iron. It differs from Prussian blue in the remark- 
able peculiarity that it is soluble in pure water. 
TERB.IBCYAKOOBN. 

Ferridcyanogen {CiiN^Fe^ =3 CfHj/),'^A hypothetical 
compound radical, which yields some compounds of in- 
terest. 

FerridcyTimde ofPotamvfm (3jr + Q^y) may be made 
. by passing chlorine through a dilute solution of ferrocy- 
ania^ of potassium until it ceases to yield a precipitate 
with a persalt of iron. The liquid being concentrated, 
vieldsjOn cooling, deep-red" crystals, the solution of which 
IS of a greenish color. It gives no precipitate with perox- 
ide of iron, but with the protosalts a bright blue, lighter 
than Prussian blue, and known as TSimhulVs Blue. 

How is the pnusiate of potash prepared 7 Is it 'poisonous ? What color 
dees it give with protoxide and peroxide of iront What is coramon 
PrtiSBian hlne 7 What is its composition 7 For what purposes is it use' 1 
In what respect doeA basic Prussian bltie differ from it f What ia the 0^ 
stitation of ferridoyanogen T What is Tarnbnll's laiuef 
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CahdUocyanogen^ a hypothetical radical, yielding com- 
pounds analogous to the preceding hodies. 

Sulphocj/anogen {C^NS^) (Csy), a compound radical, not 
yet insulated with certainty* Its formula shows that it if 
a bisulphuret of cyanogen. 

Hydrondphocyanic Acid (CkyH) may be obtained by 
dqcomposing sulphocyanidp of lead by sulphureted hy- 
drogen in water. The solution is decomposed by ebulli- 
tion. It has the odor of acetic acid. It yields with per- 
oxide of iron a blood-red color. 

Sulphocyanide of Potasnum (KGsy) may be made by 
heating powdered feiTocyanide of potassium with half its 
weight bf sulphur and one third of carbonate of potash, 
^ and keeping it melted for a short time. The m^a8 is then 
boiled with water, which dissolves out tho sulphocyanide, 
and the solution being concentrated^ yields prismatic crys- 
tals of the salt It is soluble in water and alcohol, and 
deliquesces In the air. It melts at a red heat Its ^olu 
tion with peroxide of iron yields a blood-red color. 

Melam {CiaHgNn) is produced when sulphocyanide of 
ammonium is distilled at a high temperature, or by heatinff 
dry sulphocyanide of potassium with twice its weight of 
sa} amraioniac. It is insoluble in water, but dissolves in 
strong sulphuric acid. When heated, it yields meUone 
and ammonia. 

Mdamine {CJI^N^ is produced when melam is dissolvr 
ed in a hot solution of potash. It separates on cooling. 
It is a basic body, uniting viritb acids. 

Ammeline (Ceff&N^Oi) remains in the solution after the 
melamine has crystallized. It may be precipitated with 
acetic acid. 

Ammetide (G^H^N^O^ is prepared by dissolving amme- 
line in sulphuric acid, and precipitating with alcohoL 

What an oolNdtQcrffDowen and jralphocyanogenT WliAt color doea 
hydroaolpfaocyaxiic acid yield with peioaude of iron 7 By what prooeaa \$ 
aolphocyanide of potassiiun made T What results from the distiUatioii )f 
ika anlphooyamde ti ammoniiim 7 .Whkt ariB melamine, ammeline, and 
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LECTURE LXXX 

Mbllokb— Urea. — Mdlone^ Preparation of. — MeUantdei 
of Hydrogen and Potassium.-^Natural and art^dal 
Formation of Urea.'^Uric Acid, — Its Propa-ties. — Dt- 
rivativ€9 of Urtc Acid* — Parabanie, Oxaluric; caid Thi- 
onuric Aculs. — AUoxantine. — Pwrpurate qf Amnwnia. — 
XaiUkie and Cyitic Oxides, 

Mellone {C^N^ =ilfe). — ^If sulphocyanide of potassium 
be acted upon by chlorine or nitric acid, a yellow pow- 
der is deposited ; this, when lieated, gives off bisalpfiuret 
of carbon and sulphur, and there is \eft a yellowtsh pow- 
der, which is mellone. The relation of its constitution 
with cyanogen is obvious. It resists a moderate heat with- 
out change. 

HydromeUonic Add (MeH). — fiy adding hydrochloric 
acid to a hot solution of mellonide of potassium, this acid 
separates as a white powder on cooling. It is partially 
soluble in hot water, and possesses strong acid powers. 

Mdlonide ofPotasnum (KMe) maybe prepared by melt- 
ing ferrpcyanide of potassium with half its weight of sul- 
phur, and adding, when tlie fusion is complete, five per 
cent, of dry carbonate of potash! The resulting mass is 
acted on by water, and the solution being filtered, is evap* 
orated, until, on cooling, it forms a mass of crystals,, from 
which the siilphocyanide may be removed by alcohol, and 
the mellonide left. It is soluble in water, and yields, by 
double decomposition with the salts of baryta, lime^ ice, 
mellonides of these bodies, for the . most part sparingly 
soluble. 

Urea (C^H^N^O^ may be obtained from urine by add- 
in? to it, when concentrated, a strong solution of oxalic 
acid. The precipitated oxalate of urea is to be boiled 
with powdered chalk, and the filtered solution concentra- 
ted uiitil the urea crystalliases on cooling. It may also be- 
made artificially by aidding to a strong solution of cyanate 
of potash an equal weight of dry sulphate of ammonia ; 
the solution is evaporated to dryness m a water bath, and 

How is luijllouc prepared? What is the action of hydrochloric acid on 
ine mellonidii of potadriam ? How ipay area be made artificially t 
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the urea dissolTed out by alcohol. It ciyBtallkeB in prittDs^ 
very soluble in ' water, but permanent in the air. At a 
high temperature it gives off ammonia and eyanate of 
ammonia, cyanuric acid remaining. Urea contains the ele- 
ments of cyanate of oxide of ammonium, iias neither an 
acid nor alkaline reaction, is decomposed by hot alkaline 
solutions, with evolution of ammonia, and, by uniting with 
two atoms of water, yields carboiiate of ammonia, a result 
which takes place during the putrefaction of urine, the 
change being brought on by a nitrogenized ferment— 
the mucus of the bladder. Urea unites with acids, and 
forms, with nitric and oxalic acids, characteristic sails. 

Uric Acid — Lithic Acid ( CioH^N^O^) — 'may be obtained 
from the solid urine of serpents, which, being boiled in 
solution of caustic potash and filtered, yields uric acid, by 
the addition ofhydrpchloric acid, as a white, inodorous, and 
sparingly soluble powder ; soluble without change in sul- 
phuric acid, from which it is precipitated by water. Uric 
acid also exists in human urine, and appears to be always 
a product of the action of the animal economy. Of its salts, 
the urate of soda is interesting ; it is the chief ingredient 
of gouty concretions^ in the joints, called chalk-stones. 
The urate of ammonia occurs as a urinaiy calculus, and 
is often deposif»d from urine as a reddish cloud or pow- 
der* 

AllanUnn {CJI^N^O^ is prepared by boiling uric acid 
with peroxide of lead ; the filtered solution, being con- 
centrated, deposits prismatic ciystals of allantoin on cool- 
ing;. It is soluble in 160 pa^ of cold water. By a solu- 
tion of caustic alkali it is decomposed into ammonia and 
oxalic acid, assuming, during this change, the elements 
of three atoms of water. 

Alloxan {C^H^NiOio) is made by the action of concen- 
trated nitric acid on uric acid in the cold. The uric acid 
is to be added in small portions successively, until about 
one third the weight of the nitric acid has been used. An 
effervescence takes place, and there is left a white mass, 
from which the excess of acid is to be drained. The sub- 
stance is theii t6 be dissolved in hot water and crystalHi^ed. 

What are ita properties ? To -v^hat substance does it give tine in fer> 
mentation t Under what circumstances does uric acid octrur ? What are ^ 
jha]k-8tonea 7 Uuder what fumi does, urate of. ammonia occur? How 
oiay allantoin be prepared? What is the action of cold nitric acid on uiii' 
acid ? 
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lit (Kiltttiou has an aoid reaction and a hitt&c taste, and 
stains the skin purple, and, with a protosalt of iron and an 
alkali, yields a characteristic blue compounds 

AUoiatUc Add {CJSNO^ + HO) may be prepared by 
decomposing the alloxanate of baryta by dilute sulphuric 
acid. The alloxanate itself is obtained by the addition 
of barytic water to a warm solution of alloxan. It is a 
Strang acid, decomposing carbonates, and even water, by 
the aid of zinc. 

Mt9oxaUc Acid(C^O^ + 2H0\, — Mesoxalic acid may 
be obtained by boiling a solution of alloxan with acetate 
of lead, the resulting mesoxalate of lead being decom- 
posed by sulphureted hydrogen. It is a strong acid, re- 
siBts a boiling heat, and is bibasic. 

Mykomdinic Acid {C^H^N^O^ is prepared by boiling a 
solution of alloxan with an excess of ammonia, and then 
piecipitating by an excess of dilute sulphuric acid. It is 
a light yellow powder. 

Parabanic Acid {CuN^O^ + 2H0)is formed by the ac 
tion of strong nitric acid on alloxan, or .uric acid, by the 
aid of heaL The crystals form on cooling, and may be 
dried by draining, and then recrystaUized. It is soluble 
in wate^ reddens litmus, and fgrms beautiful prismatic 
crystals. 

Oxaluric Acid {CJT^NsOr -f SO) may be made by de- 
composing a hot sdlution of the oxalurate of ammonia by 
dilute sulphuric acid, and cooling rapidly. The ammonia 
salt is itself procured by boiling a solution of the para- 
banate pf ammonia, when it crystallizea, on cooling, in 
small needles. . Oxaluric acid is a white crystalline pow- 
der ; it contains the elements of one atom of parabanic 
acid and three of water, and its solution, by boiling, yields 
oxalic acid and oxalate of urea. 

TManurieAcid {CJa:^N^S^Oa + 2H0), a bibasic acid 
prepared by decomposing tbionurate of lead with sul- 
phureted hydrogen. ItLcontaips the elements of one atom 
of alloxan, one of ammonia, and two of sulphurous acid. 

Uram^. (CaJE^iiV&Oe).— When an excess of a saturated 
solution of sulphurous acid in water is mixed with a cold 

How is eUox&nic acid prepared ? What snbitance reaolts fipom boiUiig 
aHoxan with acetate of lead? How is mykomelinic add prepared? 
What smbstance resalts from the action of hot nitric acid^on uric acidt 

Wljdt i< r:!! I :lMtiuii b;,'t.\vCvjn oxaluric aiiJ i»Rrabanu; acid? How ij» 
urniiiiI-.» j>iv'|.ai«i.l f 
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eolation of allozao, and an excess of carbonate of ammo- 
nia with caustic ammonia added, and the whole boiled, 
the thionurate of ammonia is deposited on cooUnff. Fiom 
this the lead salt, used in the preparation of the foregoing 
acid, may be obtained by acetate of lead. The thionurate 
of ammonia, with a little hydrochloric acid, being boiled 
in a flask, there separates a white body, which is uramile. 
It differs from thionuric acid in not containing the ele- 
ments of two atoms of sulphuric acid. If the thionurate 
of ammonia is mixed with dilute sulphuric acid and evap- 
orated in a water bath, UramUic Aad is deposited ; it is 

Alloxantine {C^^N^On^ is made when sulphureted 
hydrogen gas is passed through a cold solution ot alloxan. 
The product is filtered, washed, and boile<i in water, 
which deposit! the alloxantine, on cooling, in transplant 
rhombic prisms, which turn red on exposure to ammonia. 
This substance is alloxan, with one atom of hydrogen. A 
hot solution of it is decomposed when a stream of sulphur- 
eted hydrogen is passed through it, and Dieduric Acid 
forms. 

Murexide — Purpurate of Amnumia {Ci^HJSf^Ogy^msy 
be made by the action of dilute nitric acid on uric acid, 
and then adding ammonia, or by boiling ec^ual weights of 
uramile and red oxide of mercury with eighty times their 
weight of water, rendered alkaline by ammonia. The 
liquid turns of ^ deep purple color, and, when filtered, 
deposits, on cooling, crystals of murexide in square 
pnsms, which, by reflected light, are of a green metallic 
lustre, and, by transmitted light, of a purple. It is spar- 
ingly soluble in cold water, but much more so in hot, and 
is one of the most splendid compounds known; 

Murexan — Purpuric Acid. — Murexide is to be dissolved 
in a solution of caustic potash, and dilute sulphuric acid 
added. It forms a yellow powder, and, dissolved in am- 
monia, gives rise to the foregoing body.' 

XaTiihic Oxide (C^N^O^ occurs as a urinary calculus 
of a b^^wn color and waxy aspect The calculus ma^ 
be dissolved in dilute potash, and xanthic oxide pr^cipi- 

How ia allozBntine prepared ? What it the action of dflate mfaric aeid 
and apimonia on nric acid T What \a the oolor of the cryatais of mnrexide f 
How may imirexan be prepared 7 Under what ciroomstances do xonti^o 
oxide and cystic oxide occur ? 

Hh 
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tates 98 a white powder by carbonie acid. It ia a waity 
body. 

Cj^eic Oxide (O^HJifStOi) occuxb also aa a urinary 
calculuB. 



LECTURE LXXXl. 

The Vegetablb Acids. — Tartaric Acid, Preparation 
of, — ^alth of Tartaric Add. — Add* allied to Tartar^ 
tc. — Citric and its allied Acids. — Malic and its allied 
Adds. — Tannic Add. — Gallic Add. — Adds allied to 
them. 

Of the vegetable acids several will be described with 

Jieir aasQciated alkalies. The following are those of 

which I shall treat in this Lecture : 

Tartaric C^mO^^-^-^JtlO. 

Pwratartaric C% HaOiq - - 2ffO. 

Pjrrotartaric Ce HiOa - - HO 

Tartralic SCe ff^Oio - - 3^/0 

TortieUc Cs HaOiq - - HO. 

Citric CizHiOii'-sHO. 

Aconitic. '. . C4HO3 -- HO. 

MaUc CsH40» --ZHO. 

Maleic Cb H2O6 --2HO. 

Fumaric C4HO3-- HO. 

Tannic CiaH^Od --3HO. 

GalUc CjHOi 4-^HO. 

EUagic Ct HiOt. 

PyrogaUic Cfe jHsOs. 

Metagaltic Cc HiOi. 

Besides acids such as these, which constitute a very nu- 
merous group, there is another class, which pass under 
the name of Coupled Adds, the peculiarity of which is, that 
they consist of an acid aiixed or coupled to another body, 
which, without affecting the neutralizing power of the 
acid, accompanies it in all its combinations. Thus, hypo- 
sulphuric acid couples with naphthaline to form hyposul- 
lic acid, which neutralizes just as much of any 
I as hyposulphuric acid itself could do, the naphtha- 
line not changing its powers. 

Tartaric Add \CJSiOio'{'2HO). — 'A bibasicacid which 
occurs, as has been already stated, in the juice of grapes 
and other fruits as bitartrate of potash. It may be ob- 
tained by dissolving cream of tartar in bqi lingr water and 

What are coaplad acids 1 From what source is torCaric acid derived ' 
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adiiing powdered chalk, a tartrate of limo precipitating. 
The rest of the tartaric acid may be obtained from the so- 
lution by the addition of chloride of calcium, which yields 
another portion of tartrate of lime, which may be decom* 
posed by digesting with an equivalent proportion of dilute 
sulphuric acid. The concentrated and filtered solution 
yields crystals acid to the taste, inodorous, and soluble 
both in water and alcohol; the solution decomposes by 
keeping. Tartaric acid yields several valuable salts- 

Tartrate of PotashSohtble Tartar {2K0, CJff^O.o)— 
may be made by adding carbonate of potash to cream of 
tat tar. It is very soluble. 

BUartrate of Potash — Cream of Tartar {KG, HO, 
C^HiOio)' — This is the salt which is deposited from the 
juice of the grape during fermentation, as ArgoL It may 
be purified from the coloring matter it contains by solution 
in hot water, and the action of animal charcoal. In cold 
water it is very sparingly soluble. It yields black flux 
when ignited in a close vessel, the black flux being car- 
bonate of potash enveloped in carbonaceous matter. 

Tartrate of Potash and Soda — Rochdle Salt — Salt of 
Seignette {KO, NaO, ^^4010+ lOifO)— may be procured 
by neutralizing a solution of the foregoing salt with car- 
bonate of soda. On evaporation and cooling it separatels 
in large, prismatic crystals. 

Tartrate of Antimony and Potash ^^ Tartar Emetic 
{KOSb^O,, QH^Q,o-f2HO).—ThiB valuable medicinal 
agent is made by boiling oxide of antimony with a solu- 
tion of cream of tartar ; on cooling, the crystals are depos- 
ited. They are much more soluble in hot than in cold 
water, and dissolve without decomposition. 

Ro/cetnic.Acid — Paratartaric Acid, — This remarkable 
acid, which has the same constitution as tartaric acid, and 
resembles it very closely, is found in the grapes of certain 
parts of Germany and France. Racemic acid, however, 
differs from tartaric in yielding a precipitate with a neu- 
tral salt of lime. 

Pyrotartaric Acid [G^H^Of,-\'IKf) is obtained by the 
destructive distillation of tartaric acid, coming over with 
a variety of other products. ^ 

What is soluble tartar? From what source is creamof tartar defiredf 
What is aochelle salt 1 How is tarts"* *»metic prepared ? What is th« 
r^latioa between racemic aiid tartaric scids ? 
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The aetioiiofhMt4>Qta]taric acid is remarkable. When 
ezpooed to a temperature of 400^ F., it melts, throws off 
water, and yields in succession, three different acids, tar- 
tsalic, tartreliCf and anhydrous tartaric acid, the constitu- 
tion of which, compared with tartaric acid, is as follows : 

Ttttarieacid « , CjtH^Oio-\-9llO. 

Tutrmlic " SC^/T^Oio+S/fO. 

TtrtreMc " C,fl;Oio+ ^O. 

Adqfdniw tvtvk C^HaOv^ 

All these, by thecontimied contact of water,, pass back 
mto the condition of tartaric acid. 

OUrie Acid {CtMiOu+3HO)f a tribesiG ^dd, occurring 
abundantly in the juice of lemons and other sour fruits^ 
and separated therefrom by the aid of chalk and sulphur- 
ic acid. It is clarified by digestion with animal charcoal, 
and yields prismatic crystals of a pleasant taste, and sol- 
uble both in hot and cold water. The crystals are of two 
different forms, according to the conditions of their forma- 
tion ; those which separate in the* cold^ by spontaneous 
evaporation contain wre atoms of water, tiiree of which 
are baiuc ; but those which are deposited from a hot solu* 
tion contain only four. 

The citrates fimn a very numerous, family of salts, for, 
as the acid is' tribasic, we may hare them wiUi three atoms 
of metallic oxide, or two of oxide and one of water, or one 
of oxide and two of water, besides subsalts. 

Acomiiic Add^^Equisttie Acid ( CJSO^ -f HO) — 1& form- 
ed by fusing citric acid, and the resulting brown product 
is diBsolyed in water, the change being 

C,^H;0„ ...=... 2{C,HO^) + 6(H0), 
that is, one atom of hydrated citric acid yields three of 
aconitic acid and five of water. Aconitic acid is remark- 
able from occurring naturally in the Acomtum NapeJhu and 
Eguiwtum FluviatUe, 

Malic Add ( C^^O^ -f 2H0)f a bibasic acid, occur- 
ring in the juice, of apples and other fruits. It may also 
be pieparea from the stalks of rhubarb, in which it occurs 
witn oxalate of potash. It is a colorless solid, soluble in 
water, the solution changing by keeping. . When heated 
in a retort, it melt^ aiid then boils, emitting a volatile 

De«oribe*the *otioii of heat on tartaric add. From what Morce is citric 
acid obtained 7 How many claaieB of salta doea citric add yield 1 What 
■abstaiice results, fhom the fadon Of citric add T From what aooreeB ii 
malic aciil derived 7 
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acid, tbo MtJ^ Acid, C^Oo + 2JffO, whicli condeiMes 
with the water in the receiver; at the same time there 
forms in the retort crystalline scales of FStmaric Acid^ 
C^HOs + HOf which may be separated from the nnchang- 
eel malic acid by solution in cold water. It is to be ob- 
served that maleic, fumaric, and aconitic acids aie isomer- ' 
ic bodies. 

Tannic Acid ( CigfliO, + 3HOy — ^An astringent princi- 
ple found in the bai^c of the oak, nut-galls, and Fig, tn. 
other vegetable productions. It may be sep- 
arated by placing in a vessel, b. Pig. 272, 
powdered galls. On pouring on them sulphu- 
ric ether, a liquid drops through the funnel 
tube, c, into the bottle, a, spontaneously sepa- 
rating into two portions ; the lower, whi<di is 
a solution of tannic acid in water, is to be de- 
canted and evaporated in presence of sul- 
phuric acid in vacuo. It yields tannic acid, 
or tannin, in the form of an uncrystallized 
mass. This acid is soluble in water, but much 
less so in ether, has an astrin^^nt taste, and 
reddens litmus paper. With the persalts of 
iron it yields a characteristic and valuable precipitate of 
a black color, the basis of common wridng ink. It forms 
insoluble compounds with starch, gelatine, and other or- 
ganic bodies, that with gelatine bemg of considerable in* 
terest. It is the basis of leader. From the ch^utK^teris* 
tic prcicipitate it gives with that metal, it is used as a test 
for iron, which nuist, however, be in the. state of peroxide, 
as the protosalts are unacted upon. The Kra4ual dark- 
ening of pale writing inks is due to the gradual oxydation 
of the iron they contain. 

Cateckin (Ci^S^O^), — There is a body extracted by hot 
water from catechu, called catechin. It crystallizes in 
needles, and does not form an insoluble compound with 
gelatine, and gives a green color with persalts of iron. By 
Sie action of caustic potash in excess, it yields a black and 
insoluble substance. Japonic Acid, By the action of car- 
bonate of potash, it jields Ruhinie Acid, 

What two acids are yielded by it under tiie actioEi of heat 7 What la 
the relation between maleic, fnmaric^ and aconitic acida ? How i« tan- 
nic acid made ? What color doea it yield with peraalta of iron ? What v 
tne baaia of leather 7 From what caote do pale writing inks darken * 
What is catechin f 

Hb2 
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Gallic Acid {C,HO^ + 2HO) may be formed by ei^pos- 
ing a flolution of tannic acid to the air, or by makinff 
powdered galls into a paste with water, and keeping it 
exposed in a warm place to the air fdr some weeks. The 
mass is then pressed and boiled with water. On cooling, 
the solution precipitatels a quantity of gallic acid, which 
may be purified by re-crystallization. Like tannic acid, 
this . substance yields no precipitate with a protosalt of 
iron, but a deep blue-black with a persait. It does not, 
however, precipitate gelatine. Its crystals are soluble in 
one hundred parts of cold and three parts of boiling wa- 
ter. The solution has an astringent taste. 

Tannic acid passes into gallic acid by oxydation, carbon- 
ic acid and water being evolved. 

CJEI,0,^ H- 0« ... = .. . 2{CrH0, + 2H0) + 2{HO) 

+ 4(00,); 

that is, one atom of tannic acid and eight of oxygen yield 
two of gallic acid, two of water, and four of carbonic acid. 

Ellagic Acid {CjH^O^), or gallic acid minus one atom 
of water, may be extracted after the removal of gallic acid 
by an alkali, and precipitated as a g^ay powder by hydro- 
chloric acid. 

Pyrogallic Acid {C^H^O^ sublimes when gallic acid is 
heated in a retort to 420^. It is in the form of white crys- 
tals, which are soluble in water. It strikes a black color 
with the protosalts of iron. 

MetagaUic Acid {C^HiO^ is formed when gallic acid is 
suddenly heated in a retort to 500^. It is a black mass, 
insoluble in water, but soluble in alkalies, from which it 
is precipitated as a black powder by acids. 

How may gallic acid be prepared? How is ellagic acid procured t 
Wbat u the action of heat on allic acid 7 
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LECTURE LXXXIl. 

The Vegetable Alkalies. — General Properties of Veg 
etahle Alkalies. — Morphia, — Its Preparation and Prop- 
erties, — Other Alkalies of Opium,^^ Meconic Add, — 
Alkalies of Bark ^ Quina, Cinchona, Spc^^Kinic Acid, — 
Strychnia and Brucia,- — Table of Alkaloids, — Artificial 
Alkaloids, 

The vegetable alkalies constitute an extensive class of 
oodles, yirhich are, for the most part, the active medicinal 
agents of the plants in which they occur. They are gen- 
erally sparingly soluble in. water, but more soluble in 
boiling alcohol, of a bittel* taste, and characterized by 
containing nitrogen. In their natural state they are unit- 
ed with an acid, and, possessing basic properties in a very 
marked manner, neutralize acids completely. This qual- 
ity seems to depend on the nitrogen they contain, and 
has no reference to their oxygen, for the quantity of this 
latter elenaent which may be present seems to have no 
relation to their neutralizing power, and, indeed, in some 
of them it is not present at all. In many respects they 
, are Analogous to ammonia, their salts, unlike those of 
some of the compound radicals, such as ethyle, &c., un- 
dergoing decomposition in the same manner as the salts 
bf ammonia. Thus, the chloride of ethyle does not de- 
compose the nitrate of silver, but the analogous com- 
pounds of ammonia and the vegetable alkalies do; and 
these bodies may, therefore, be separated from the natural 
combinations in which they occur precisely as we should 
separate lime, or potash, or magnesia in their salts. 
Most of the vegetable alkalies are poisonous bodies, and, 
indeed, among them we meet yiHith some of the most ter- 
rific poisons kno^vn. There ai'e several recently-discov- 
ered artificial substances, such as Aniline^ and those con^ 
taining arsenic and platinum, which ought to be classed 
with these basic bodies. 

What are the vegotable alkalies 1 What element do they all conti^in T 
In what condition are tliey commonly fonnd ? What are their relations to 
acid bodies ? What are their general properties ? Have any of tl^m 
been made artificially 7 
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Of the nomeroiis regetable alkalies, thoae which I shaH 
now describe are the most important. 

Morphia ^C»II»NO^ 4- 2^0).— This substance is the 
active principle of opium, and was the ^r^ discovered of 
these ukalies. It was insulated by Sertuemer in 1803. 
It may be prepared by mixing a concentrated kifusion of 
opium with a solution of chloride of calcium in excess ; 
the mixture, when warmed, deposits a precipitate of me- 
conate and sulphate of lime, and the hydrochlorate of mor- 
phia remuns m solution. From this it may be crystal- 
lized by evaporation, and a, dark liquor, containing nar- 
cotine and coloring matter, separated by pressure in a 
piece of flannel. The impure hydrochlorate may be re- 
dissolved and re-crystallized, and, by repeating the opera- 
tion, or resorting to animal charcoal, it may be obtained 
quite white. The salt may now be dissolved in hot water 
tod acted on by an excess of ammonia, which throws 
down pure morphia as a white precipitate. It may bt 
obtained in crystals by solution in alcohol. 

Morphia is almost insoluble in water; it neutralizes 
acids, and forms crystallizable salts. Its solution is bit- 
ter. It dissolves readily in dilute acids, and yields a deep 
orange-red color when acted on by strong nitric acid. 
The most common of its salts are the hydrochlorate, the 
sulphate, and the acetate. 

Ndrcotine {C4iiH^NOu) is associated vrith morphia in 
opium. It may be obtained by digesting the insoluble 
portion with dilute acetic acid ; the precipitate produced 
by ammonia is to be dissolved in alcohol, and purified by 
animal charcoal. It yields prismatic crystals, insoluble in 
water, and is a weak base. By the action of peroxide ol 
manganese and sulphuric acid, and by bichloride of plati- 
num, it yields an extensive series of bodies, some of which 
are acids and others bases. 

Codeine (C»HinNOi) — The hydrochlorate of morphia, 
prepared as above described, contains this base ; and when 
the precipitation with ammonia is made it remains in so- 
lution. When pure, it crystallizes in octahedrons, and is a 
powerful base. Along with this body, in opium there oc- 
casionally occur other substances of less importance, as 
Thebaine^ Pseudomorphifief Narceine, and Meconine. 

I'Tom what u morphia obtained? When was it discovered ? Give ■ 
process for its preparation. How is narcotine prepared 7 What are ita 
properties ? What other alkaline bodies are obtained from opimn ? 
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MecoHtc Aeid {GuSOn^ 3^jS'0).-*-A.tril>tt8ic acid, asso- 
ciated with morphia in opium. It may be obtained from 
the meconate of lime, wiiicfa precipitates, in the prepara- 
tion of morphia by mixing it with warm dilute hydro- 
chloric tusid, and repeating the operation until all the 
lime is removed. When purified from coloring matter, it 
crystallizes in scales, which are soluble in water and al- 
cohoL When heated, it loses six atoms of water of crys- 
tallizati(»i ; and if its solution be boiled, or the dry acid 
heated in a retort, Camenic Acid^ Ci^H^Og, 2 HO, a biba- 
sic acid forms with the disengagemen|pf water and carbon- 
ic acid. Meconic acid yields, with the persalts of iron, a 
blood-red solution. It Ibnns several series of salts, like 
all tribasic acids. 

Comenic acid, when heated, yields carbonic acid and a 
new body, Pyromeamic Add, with a small quantity of an^ 
other substance, parameconic acid. P]^romeconic acid is 
composed of Cio^On, HO, 

(pdna-^Quinii^ {CnHiiNO^}. — This, which is one of 
the most valuable of the veepetable alkalies, is obtained 
from Cinchona Bark. The decoction of the ground bark 
in dilute hydrochloric acid is to be boiled in an excess of 
milk of lime, and the priscipitate acted upon by boiling 
alcohol ; on evaporation Cinchona is deposited in crystals, 
but the quina remains in solution. It mray be precipitated 
by the aiddition of water, and obtained in crystals from 
the spontaneous evaporation of its solution in absolute al- 
cohoL <Q,uina n<eutralizes acids perfectly, giving rise to 
salts, of which the hydrocUorate, phosphate, sulphate, 
&c., are employed in medicine. It is sparingly soluble 
in water, but very soluble in alcohol or acids. The basic 
sulphate of quina, a common preparation, is sparingly sol- 
uble in water, but the neutral sulphate is much moi:e so. 
For this reason, sulphate of quina is often dissolved in di- 
lute sulphuric acid. 

CincJuma (OisHisiV^O).— This alkali is obtained, as just 
stated, in the preparation of quitia, with which it is asso- 
ciated in bark, and is found in large quantity both in the 
gray and red bark. It crystallizes in prisms, is sparing- 
How if meoonic add proeared f What ia tiie mn^aaa of beat npon it f 
What color does meoonic acid yield with penalta of iron f When oomeiiic 
acid is lieated/ what acids does it vieldf From what aoofce is qoina de 
rived ? How is cinchona prepared T 
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ly 8olable in water. Its salts, like those of the foregoing, 
are very bitter. 

Two other analogous bodies exist in different species 
of bark. They are Chinoidine and Aricine, 

KiHic Acid ( C^aHxx 0,„ HO) is associated with the fore- 
going bodies in bark. It is obtained by decomposing the 
kinate of lime, obtained in the manufacture of sulphate. of 
quina by oxalic acid, filtering the solution from oxalate 
of lime, and the kinic acid crystallizes on eraporation. It 
is very soluble in water. 

Strychnia (C^HtzNiO^) occurs in JViwj Vomica, St^^- 
noHut's Bean, in the poison Upas Tieute, and other vege- 
table products. It may be extracted from nux vomica 
seeds by boiling them in dilute sulphuric acid, and then 
actii^ with lime and alcohol as described in the case of 
quina. 

Strychnia requires 7000 parts of water for solution, and 
communicates to it an intensely bitter taste. It is one of 
the most violent poisons known. Its alkaline powers are 
well defined, and it produces a complete series of salts. 
It is soluble in hot alcohol, but not in ether. The anti- 
dote for an over-dose of it is an infusion c^ tea. 

Brucia {C^tHi^N^Oi) is associated with strychnia, and, 
being very soluble in cold alcohol, is i^adily separated 
from it. It is also more soluble in hot water, and pos- 
sesses the poisonous character of strychnia. ^ These sub^ 
stances are found in union with Igaturic Add, 

The following table gives the names oi other vegetable 
alkalies, and bodies analogous to them : 



Aconitine. 


Datarine. 


Picrotoxine. 


Anteftrine. 


Belpfainine. 


Pipeline. 


Asparagiue. 


. Elaterine. 


Phloridzine. 


Atropine. 


.Emetine. 


Popnliue. 


Caffeine— Theine. 


Gentianine. 


Salicine. ' 


Cbelidoninc). 


Heaperidine. 


Soiauine. 


Chinoidine. 


Hyosciamine. 


Strahionine. 


Colchicine. 


Meoonine. 


Th'ebaine. 


Comae. 


Narceine. 


Theobromine. 


Corarine. 


Narcotine. 


Veratdne. 


Daphnine. 







Of some of these bodies, as nicotine and Conine, it may 

What other alkalies exist in bark ? With what acids are these bodiefl 
associated 7 From what sources is strychnia procured ? What are the. 
properties of strychnia? What is the *best antidote to its podsonoas ef- 
fects^ With what other alkali is it associated ? Mention some othei 
vegetable alkalies. ' 
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De remarked that they are volatile oily liquids, which can 
form crystallizable salta and acids. They both contain 
nitrogen, and are interesting in their relations to the three 
following bodies, which may be formed artificially. 

Aniline ( C^qH^N). — This substance is formed by the ac- 
tion of potash on i^atine, and is also one of the ingredi- 
ents of the oil of coal tar. It is an oily liquid, boils at 
358°, and yields crystalline salts with acids. 

Zteukol ( CiaHsN), — Formed with the foregoing in oil of 
coal tar, from which it may be separated by distillation. 
It is also an oily liquid, and can yield crystallizable salts. 

Quinoline (C^^H^N)^ — Formed by distilling quinine or 
strychnine with caustic potash. An oily liquid, very bit- 
ter, strongly alkaline, and yielding crystallizable salts. 

Besides these bodies there are other artificial bases of 
an analogous nature, but which differ in the remarkable 
particular of containing platinum and arsenic ; such, for 
example, as the platina bases of Reiset and Gros, or the 
arsenico-platinum radical kakoplatyle. ,The formation of 
these organic bases leads us to hope that the vegetable 
alkalies themselves will hereafter be artificially formed. 



LECTURE LXXXIII. 

The Coloring Bodies. — General Properlie* of Color- 
ing Principles, — Madder. — HcBmatoxyline,^- Cartha- 
mine. — Yellow Colors. — ChlarophylL — Indigo. — Sul' 
phindigotic Acid. — Deoxydized Indigo. — Action of 
Heat and Reagents on Indigo. — Litmus. — Carmirie. 

The coloring principles derived from the prganic king- 
dom may be conveniently divided into two classes : the 
non-nitrogenized and the nitrogenized. They may also 
be readily classed into groups, as blue^ red, yellow, green. 
For the most part they are derived from vegetable pro- 
ductions. 

For some coloring matters the fibres of those tissues 
commonly employed for clothing have a sufficient affinity 
as to hold the color so that it can not be removed by mere 

What analogous substances have been formed artiticially ? What v 
be remarked as respects the salts of Reiset and Gros ? How may « 
ing principlei bp classified 1 
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washing, and is pennanently dyed. But in other in- 
stances this is not the case ; the artist then has to avail 
himself of the qualities possessed by intermediate bodies, 
such as alumina and the oxide of tin, which at once pos- 
sess the double quality of an affinity for the coloring mat- 
ter and an affinity for the cloth fibre. The attraction of 
these bodies for coloring matter may be illustrated by 
precipitating alumina in a solution tinged by litmus ; the 
solution becomes perfectly clear, its color going down 
with the precipitate, and forming with it a lake. 

NON-NITEOGBNIZBD COLOEIKG MATTBBS. 

The Blue non-nitrogenized coloring matters are chiefly 
found in flowers and fiiiits. They are reddened by acids, 
and turned green by alkalies. 

The Red non-nitrogenizing coloring matters are of 
some importance ; among them may be mentioned Mad- 
der Red^ the sublimed crystals of wluch are known as Ali- 
zarine {CiiHi^Oio). Madder also furnishes a purple and 
a yellow color. 

Hamatoxyline ( C^f^HnOii) is the coloring matter of log[- 
wood; it is soluble in water and alcohol, and furnishes, 
with iron salts, the black dye for hats. The same princi- 
ple is yielded by Brazil-wood and cam-wood. Uarih€i- 
mime is a very beautiful red, obtained firom safflower ; it 
«<» used for making pink saucers. 

The Yellow coloring matters. Among these may be 
mentioned Quercitrine (daJETgOg, HO), derived fix>m the 
Quercus Tinctoria; Gamboge, the dried juice of the Gar- 
cinia Gambogia ; Turmeric, used as a test for alkalies, 
which turn it brown, from the Curcuma Longa; and 
Anatto, from the seeds of the Bioca Ordlana, 

The Green coloring matters. Chlorophyll, the constitu- 
tion of which is not known. It is the green coloring mat- 
ter of leaves. It is insoluble in water, but soluble in al- 
cohol and ethei^, and is a fatty substance. It is also found, 
under very interesting circumstances, in the animal sys- 
tem as the coloring matter of bile. 



From what soarce are the blae non-nitrogemzed colon ootcdned T What 
ifl alizarine? What are haamatoxyline and carthazoine? From what 
■oorcea are qaercitrine, gamboge, tanneries and anatto derived f What if 
6h]«rephyn 7 
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The nitTogenized coloring matters, among which are 
some of the most valuable dyes that we possess, may also 
be divided ac<?ording to their tint. 

Indigo is derived from the juice of several species of 
Indigofera, and is ibrmed from a colorless or yellow com- 
pound which is dissolved out from the leaves of these 
plants when they are allowed to ferment with water. A 
deep blue precipitate (indigo) forms. It appears, there- 
fore, to be a product of oxydation. It comes in com- 
merce in small masses, which, when rul^bed, exhibit a 
coppery aspect, is insoluble in water, alcohol, dilute 
acids, and alkalies, and may be sublimed, yielding a pur- 
ple vapor, which condenses into crystab of pure indigo. 
It dissolves in about fifteen parts of strong «ulphuric acid, 
but still better in. Nordhausen oil of vitriol, yielding a 
mass which is soluble in water. It is Svlphindigottc Acid, 
By contact with deoxydizing agents, blue indigo becomes 
colorless, as may be shown by digesting powdered indigo, 
green vitridi, hydrate of lime, and water together. In 
this state, as in its natural condition, it is soluble in wa- 
ter, and white indigo may be precipitated by hydrochloric 
acid. On exposurid to the air, deoxydized indigo absorbs 
oxygen rapidjy, and becomes blue and insoluble. 

When indigo is submitted to destructive distillation it 
yields an oily liquid. Aniline, possessed of powerfully 
basic properties, and. described in the last Lecture. 

The relation which exists between blue and white indi 
go is seen fit)m their formulas. 

Bltie indigo. . . '. CiaHsNOi, 

' White indigo Cie/WVOa. 

By several chemists indigo is regarded as containing a 
radical, Anyle, = OigHsJV, the symbol for which is An. 
On this view, blue indigo is the anhydrous deutoxide of 
anyle, AnO^^ and white indigo the hydrated protoxide* 
AnO, HO. 

Under the action of heat and of reagents, indigo yields 
an extensive class of bodies, to which much attention has 
been given. In this place I can do little more than enu- 
merate some of them. With dilute nitric acid it yields 

Prom what source vt indigo derived 7 How is solphiDdigntic acid made f 
What is deoxvdized indisoT How is aniline made t What is the !«]»• 
tion between blue and wnite indigo 1 What ii anyle 1 

I I 
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Anilic or LtdigoUc Acid, Witb strong nitric acid it yields 
Picric or Carbazotic Acid, a substance of a yellow color, 
bitter taste, and forming explosive salts. Heated with 
bicbromate of potasb, sulpburic acid, and water, it yields 
Isatin€f wbicb crystallizes in red prismatic crystals, and 
contains tbe elements of blue indigo, witb two additional 
atoms of oxygen. Tbis body, under tbe influence of an 
alkaline solution, unites widi one atom of water, and 
cbanges into Isatinic Add, Under tbe influence of cblo- 
rine, isatine yields ChJori^atine, by an atom of cblorine 
substituting one of its bydrogen atoms, and Bichlarisatine, 
by tbe substitution of two cblorine atoms for two bydro- 
gen ones ; and these, again, as in tbe case of isatine itself, 
acted upon by alkaline solutions, yield eacb an acid. 
Caustic alkalies, acting on indigo, yield CrysamUic and 
Anihranilic Acids, 

Litmus is derived from the Roctlla Tinctoria^ Lecanora 
Tartarea, &c. Tbese bcbens yield to ether a crystalline 
substance, to wbicb tbe name Lecanorine is given. It 
does not contain nitrogen. It is in white crystals, soluble 
in bot alcohol and ether. Tbis substance, heated with 
baryta or alkalies, yields Orcine, by losing two atoms of 
carbonic acid. Orcine crystallizes in prisms, wbicb liave 
a yellowish tint and a sweet taste. Mixed with ammonia, 
and exposed to the air, oxygen is absorbed, and the liquid 
assumes a deep purple tint. , From this acetic acid .precip- 
itates a deep-red powder, Orceine, CiqH^NOj, which con- 
tains nitrogen, and is supposed to be the basis of the dye 
stuff of litmus. With alkalies it gives a blue color. Lit- 
mus is extensively used in chemistry as a test for acids 
and jalkalies. 

Carmine is tbe coloring matter of the cochineal insect, 
Cocctis CactL The coloring matter may be obtained from 
tbe insect by water or ammonia. The carmine of com- 
merce is a lake containing alumina. 

Aloes is the inspissated juice of certain species of Aloe, 
used cui a purgative medicine. When heated with nitric 
acid, and water added, a. yellow precipitate is thrown 
dovni, which, when purified, is Chrysavitnic Acid, It 

Wliat are indigotic acid, carbazotic acid; and is atine ? What is tbe efiect 
of alkaliuG solutions on isatine? Wliat is the effect of chlorine apon it? 
From what soarces is litmus derived? What are orcine and oiceuie? 
Protn what source is eahniae derived? How is chrysammic acid pre- 
pared 7 
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yields yellow crystalB of a bitter taste, and fttmisfaes a 
soilution of a purple color. Its salts are crystallizable, by 
transmitted light of a red color, witk a green metallic re- 
flection like murexide. The liquid from which this acid 
was precipitated contains picric acid. 



LECTURE LXXXIV. 

The Fatty Bodies. — Properties of the Saponifiable Fats. 
— Distinction hetioeen Fixed and Volatile Oils, — Prep' 
aration of Soaps, -^Stearine and Stearic Acid,- — Mar- 
garine and Margaric Acid. — Oleine and Oleic Acid. -^^ 
Margarone. — Production of Glycerine. — Natural Oilsf 
as Palm OU^ Cocoa Tallow, and Nutmeg Butter.-^ 
Spermaceti. — Chalesterine.— -'Three CUuses of Volatile 
Oils. — The Camphors^ 

This class of substances is characterized by several 
well-marked peculiarities, and may be conveniently di- 
vided into two natural gi'oups, oils and fats. They belong 
both to the vegetable and animal systems. In the former 
they usually abound in the seeds or fruits ; in the latter 
they are deposited in the cellular structure of the adipose 
tissue. The natural fats are usually mixtures of two or 
more ingredients, which differ from one another iii con- 
sistency. In most instances they are stearine and mar- 
farine, along with a liquid oleine. These oils can not be 
istilled without undergoing decomposition ; exposed to 
the air, they gradually absorb oxygen and evolve carbonic 
acid. Many of them, in which this change takes place 
with rapidity, turn into resinous bodies ; and hence their 
application, in the art of paintidg, as drying oils. When 
acted upon by alkalies, the fixed oils and fats give rise to 
soaps, and hence are spoken of as Saponifiable. 

Oily bodies may be divided into fixed and volatile. 
The fixed oils decompose when heated ; the Volatile ones 
distill A simple test, therefore, is sufficient to distinguish 
them. When a few drops of an oily substance are put on 
paper, if it be a volatile oil it soon evaporates, and leaves 

Into what nataral groaps may the iatty bodies be divided 1 What are 
the natural fats 7 What change do the drying oils andei^t How may 
the fixed oils be iU8tiu,^islied from, the volatile! t 
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the paper without a stain ; if fixed, the paper remains 
greasy. The fixed oils have but little odor, the volatile 
oils commonly a characteristic one. They are all -insol- 
vble in water ; many of them are soluble m albohol ; hot 
in ether they are freely dissolved. 

By exposure to a low temperature the constituent prin- 
ciples ox a mixed oil may often be separated from each 
otner, the more solid substances separating as the tem- 
perature descends. When olive oil is thus treated, an 
exposure of 40^ F. causes a deposit of Margarine: die 
iluid portion which is left is Olcine, Animal fats exposed 
to pressure between folds of blotting paper communicate 
to It oleine, and the solid residue w&ch is left behind is a 
mixture of margarine and Stearine, When the fixed fats 
are boiled with alkaline soltttions. Soaps are formed; 
these substances, which are of extensive use in domestic 
economy and the arts from their detergent qualities, are 
freely soluble in water. In the process of making them, 
the fats undergo a change ; they form true acids, stearine 
yielding stearic acid, margarine margaric acid, and oleine 
oleic acid, which may be set free by decomposing the 
soap with an acid. With them there is also formed a 
sweet substance. Glycerine^ which appears to be the same, 
whatever fat knay have been originally employed. , Of 
the varieties of soap met with in commerce. Soft Soap is 
made from potash, combined with whale or seal oil; Hard 
White Soap from tallow and caustic soda ; Hard Yellow 
Soap from soda, tallow, palm oil, and resin. In the prep- 
aration of white soap the alkaline solution b made to boil, 
and tallow added in small portions until no more can be 
saponified ; the solution now contains soap and free gly- 
cerine.; the former is separated by the addition of com- 
mon salt, in a solution of which it is insoluble. It floats 
on the top of the liquid. It is then run into moulds, and 
cut into bars for commerce. In this process the manu- 
facturer does not add so much salt as to separate all the 
wat^r. Commercial soap stiU contains from 40 to 50 per 
cent. 

Stearine may be obtained from purified mutton fot by 

. \ What is Uie differeiice of thdr properties ? What is the effect of a re- 
aoetion of tempentare on mixed oils f Into what marr olive oil be thni 



AKMed f What are aoapi t How may the different varietieg be 
1 T How is stearixie prepared, and what are its properties f 
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flmfiering a warm ethereal solution to cool. The stearine 
crystallizes, and margarine and oleine are left in solution. 
A repetition of the process purifies it. It is a white hody, 
insoluble in water and in cold alcohol. It melts at 130^. 
"Wlien saponified, it yields glycerine and stearic acid. 

Stearic Acid {Cg^S^Oi) may be crystallized from a hot 
alcoholic sol'ution, is insoluble in water, and without taste 
or smell. It is soluble both in alcohol and ether, melts 
at 158^, and may be rolatilized without change. 

Margarine. —This substance remains with oleine in the 
ethereal solution arising in the preparation of stearine, 
and niay be obtained from it by evaporation and pressing 
the soft mass in paper. Margarine is found more abund- 
antly in human tnan in other Kinds of fat. 

Margaric Acid (CegJEToeOe) is prepared by saponifying 
margarine with potash and decomposing with hydrochlo- 
ric acid. It is also foimed with other products by the 
distillation of stearic acid. It crystallizes in white nee- 
dles, its melting point being 140^. 

Oleine.— rWhen almond or rape oil is dissolved in ether 
and the solution exposed to a low temperature, the mar- 
garine crystallizes, and oleine may be obtained by evap- 
orating the ether. It remains liquid at a temperature of 
0^. From it Oleic Acid (C^^O^) may be obtained by 
saponification and decomposition with muriatic acid, as in 
the foregoing instances. Its melting point is about 20^. 
It gives rise to a class of salts. 

Margarone (Cee^TegOa). — When a mixture of margaric 
acid and lime ^s distilled this substance is formed, and 
carbonic acid sepcirates. It is a white solid, like sperma- 
ceti, and melts at 1 TO^. 

Glycerine (CgJTaOo).— This substance arises When any 
fatty matter is saponified with potash, the soap being de- 
composed with tartaric acid, and dissolving the glycerine 
out by alcohol. It is a colorless liquid, specific gravity 
1*26 ; it is soluble in water and alcohol, but not in ether. 
It may be cooled to a vei*y low point without assuming 
the solid form. When mixed with sulphuric acid, the 
two bodies unite directly, and Sulphoglycerie Add is 

What \b the i>it)oe8S for preparing itearic acid ? How are margarine 
and margaric acid obtained 1 What are the propertieB of oleine 7 Ilow 
is oleic acid made 7 What is margaixme 7 Under what circumstance! 
doei glycerine form f 

I I 2 
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the result : an acid haying many analogies with sul- 
phovinic. 

Falm Oil is brought from Africa, and much of it used 
in the manufacture of yellow soap. It is. of a reddish- 
yellow color, and contains, besides oleine, a solid fat, Pal- 
mitine. It is insoluble in water, slightly soluble in hot al- 
cohol, but very soluble in ether. Its melting point is 118^. 
By saponification and decomposition with an acid, it yields 
Palmitic Acid, the melting point of which i^ 140^. It is 
a bibasic acid. 

(Jocoa Tallow, — A solid fat obtained from the cocoa- 
nut, and used in the manufacture of candles. Its oleine 
and stearine may be separated by pressure, or by boiling 
alcohol, from which the stearine crystallizes on cooling. 

Among other fatty substances and allied bodies may 
be mentioned Nutmeg Butter ^ which yields, among other 
products, Myristicine^ and by saponification, Myristic Acid. 
Elaidine, which arises from the action of nitrous acid on 
oleine ; it furnishes, by the common process, Elaidic 
Acid, Suberic Acid, which arises from the action of nitric 
acid on cork. Succinic Acid, by the destructive distilla- 
tion of amber, or by the continued action of nitric on 
stearic acid. Seba^ Acid, by the destructive distilla- 
tion of oleic acid. Butyrine^ Caproine, and Caprine^ 
which are contained in butter. These yield, by saponifi- 
cation and decomposition. Butyric, Caproic, and Caprtc 
Acids. Butyric acid can be made, as we have seen, ar- 
tificially by fermentation. Bees* Wax is a mixture of two 
bodies: Ceri?ie, which may be dissolved by boiling alco- 
hol, and Myriciite, which is insoluble therein. Spermcuxti, 
which is obtained from certain species of whales, yields, 
under the process for glycerine, ^ substance, EtJial, and 
this, under the action of hot potash, gives Ethalic Acid^ 
with evolution of Hydrogen gas. Cholesterine is obtained 
from biliary calculi ; it also occurs in the substance of the 
brain. ^ 

The Volatile Oils. — These, for the most pait, are 
found in plants, or are derived from them by simple proc^ 
esses. Many of them are extensively used in the arts in the 

What are palm oil, palmitine, and palmitic acid 7 MentioD some odier 
bodies belonging to the same class. From what are saberic, succinic, and 
sebadc acids derived? What bodies are contained in butter/aud what 
acids do they yield ? What two substances are found in bees' wax f 
Ttom what are spermaceti and cholesterine derived ? 
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manufacture of ' varnishes, and others in the preparation 
of perfumery. Their solutions in alcohol form Esserices, 
and in water Medicated Waters, They are commonly 
obtained by the distillation of those parts^of the plants in 
which they occur, with water, and consist of two substan- 
.ces, a solid portion, Stearoptenf or camphor, and a true oiL 
They may be divided into groups according to their con- 
stitution. 

Volatile Oils contmning Carbon and Hydrogen^ 



TarpentiDie. 
Citroj). 
£;opaiva. 
Storax. 



Bergamotte. 
CubebB, 



ydatile OiU containing Carbon, Hydrogen, and OxygBm, 
Cajepat Pennvroyal. 

Lavender. Yalenan. 

Rosemary. Spearmixitf 

Peppermint. , &c. 

Volatile Oils containing Sulphur. ^ 
Black musturd. i Onions. 

Hofseradish. | Asafcetida. 

The stearoptens (camphors) of the volatile oils are best 
represented by common camphor, which is extracted from 
the Laurus and Dryahalonaps Camphqra by distilling with 
water. It is a white, tough, seniitransparent mass, light- 
er than water, of a well-marked odor, melts at 350°, and 
soon afler sublimes rapidly unchanged. Artificial Cam- 
phor is made by passing dry muriatic acid gas into oil of 
turpentine. It is a/ muriate of oil of turpentine. The 
true camphors originate in severfeil different ways ; some- 
times by the oxydation of the oils from which they are 
derived ; sometimes they are hydrates of those oils ; and 
sometimes they are isomeric with them. 

hxto what gioaps may the volatile qUs be divided 7 What are the cbo». 
pbon ? What is common and arti£u;ial camphor ?^ 
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LECTURE LXXXV. 



The Resins, Balsams, and Bodies arising in Destruc- 
tive Distillation. — Colophony, Gam Lac^ Ambers ifc, 
— hidia-rubher, — Balsams. — FroducUaftJie Destructive 
DisiUlatum of Wood. — Parajfine^Eupumey CreasoU, and 
allied Bodies. — The Destructive DistiUation of Coal. — 
Naphthaline^ Paranaphthaline, Kyanol, Carbolic Add. 
— Products of slow Decay. — Ulmine and Ulmic Acid. — 
Cremo and Apocrenic Acid, — The Varieties of Coal and 
other subsidiary Bodies. 

The resins are bodies in many respects analogous to 
the camphors, but are distinguished from them by the cir- 
cumstance that they are not volatile without decomposi- 
tion. In many instances they act as acids ; they all con- 
tfdn oxygen. \ 

Colophony is a mixed resin, obtained by the distillation 
of turpentine with water, the oil of turpentine passing over. 
It is a mixture of two resins, Pinic and Sylvic Adds, which 
may be separated by cold alcohol, in which sylvic acid is 
insoluble. 

Crum Lac, which is one of the resins, occurs under three 
forms : shell lac, stick lac, and seed lac. It is used in the 
preparation of lacquers, and is the chief ingredient in seal- 
mg-wax. Among other resins may be mentioned Copal^ 
Mastic, Dragon's Blood, Gamboge, Sdndarac, and Dam- 
mara Resin. 

Amber is a substance belonging to this class. It is form- 
ed in beds of bituminous wood, and often incloses insects 
in a state of beautiful preservation. Its specific gravity 
is about 1*07. By distillation it yields succinic acid. 

Caoutchouc — huUan-rubber^ or Gum-elastic -^ia the 
product of the Jatropa Elastica,the Havea Caoutchouc,BJid 
several other tropical trees. The milky juice which they 
yield is dried on moulds of various forms; it turns of a 
black color by being smoked. From its imperviousness 

What are the reiiui 7 What lubstaxicea may be obtuned from oolopb* 
any t What is gum lac 1 What acid does amber yield by distillation f 
From what soorces is India-rabber derived? What is the cause of its 
black color t 
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to WBter^ this substaiiGe has of late been introdueed for a 
gceat variety of purposes. It is corabnslible, burns with 
a bright flame, is soitened by boiling water, and s^ll more 
so by ether. In ether, as also in ns^htha and coal oil, it 
may be dissolved. Bags of it, soaked in ether until they 
become gelatinous, may be distended, by blowing into 
them, to a very great size, and thus become useful for a 
variety of purposes. Very /ew chemical agents act upon 
India-rubber: it is extensively used for connecting the 
parts of chemical apparatus. 

Balsabcs are compounds of resins with volatile oils ; 
some of them also contain benzoic or cinnamic acids. 
Some, as benzoin, are solid ; and others, as the Balsamt 
of Tolu and Peru, aire viscid fluids. 

THE PEODUCTS OP THE DESTRUCTIVB DISTILLATION OF 
WOOD, &c 

When wood is submitted to distillation in close vessels, 
a black, inflammable liquid called Tar is formed ; it con- 
tains a great-many remarkable bodies, among which the 
following may be mentioned. The solid black residue 
which is lefl: afi^er the distillation or inspissation of tar 
constitutes Pitch. 

ParaMne {C.H) is obtained by distilHng tar, several 
oils coromg over : it is from the heaviest that this substance 
is extracted. It is a solid substance, lighter than water, 
of a fatty appearance ; it melts at 111^ F., and distills 
unchanged. Few chemical agents act upon it : it remains 
unchan^d by the alkalies, acids, &c., out is soluble in 
tui7>entine and naphtha. From its chemical indiflerence 
it has obtained its name {Parum Afinis), 

' Eupume (CJI^) occurs abundantly in animal tar, from 
which it maybe prepared by distillation, and subsequent- 
ly ptirified by rectification from sulphuric acid. From 
parafline it may be separated by exposure to cold, or, 
being more volatile, by distillation. It is a- colorless li- 
quid, specific gravity .074 ; it boils at 339^ F. It is in- 
soluble in water, but very soluble in alcohoL 

OreasoCe is extracted from tho heavy oilof tar by a 
complicated process. It is an oily, colorless liquid, of a 
burning taste, exhaling a powerful odor of wood smoke. 

How may it Jbe Boftened, and in wbut dissolyed t What are the bal- 
sams ? What ace tar and pitch ? What propertiei distir^ish panffine f 
What are the properties of. eupione? 
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It IB slightly heavier than water, bmls at 400^ F., is com- 
bustible. One hundred parts of water dissolve about l^ 
of this substance, and obtain its peculiar odor. It has the 
remarkable property of coagulating albumen and preserv- 
ing flesh firora putrehietive changes. From this latter cir- 
cumstance its name is derived. 

Among allied substances may be mentioned Picamar^ 
an oily liquid of a bitter taste, which boils at 518^ F., and 
combines with bases to form crystalline compounds. Kap- 
nomar, a colorless liquid, having an odor of rum ; boils at 
3(>0^ F., and forms, with oil of vitriol, a purple solution. 
Cedriret, which forms red crystals, giving, with creasote, 
a purple solution, and with sulphuric acid u blue. Pitta- 
kal, a dark* blue solid, which yields blue precipitates with 
metallic salts. It contains nitrogen. 

When coal tar is submitted to distillation, like wood 
tar, it yields a volatile oil, which, by being submitted to 
rectification, becomes Coal Oil, or Artificial Naphtha. 
From it a variety of substances may be extracted ; they 
either pre-exist in the oil, or are formed by the operation. 

Naphthaline {CiqH^ is obtained by rectifying coal 
gas tar; it forms colorless crystalline plates, melting at 
136^ F. and boiling at 413^ F. It exhales a peculiar 
odor, is very combustible, insoluble ^n water, but soluble 
in ether and alcohol ; the specific gi*ayity of its vapor is 
4 '52 8. It dissolves in sulphuric acid, and the solution, on 
being diluted with water and saturated with carbonate oi 
baryta, yields two salts, one containing SulphoTiaphthaUc 
Acid, and the other an acid less known. 

Paranaphthaline{C^JS^) is associated with naphthaline, 
but differs from it by being insoluble in alcohol, by which 
liquid they may, therefore; be separated. 

Kyafiol (CiiHyN), an oily liquid, which, though volatile, 
has a boiling point of 358° F. It is heavier than water, 
with which it may be combined, and is soluble in alcohol 
and ether. It possesses basic properties, and yields sev- 
eral well-defined salts. 

Carbolic Acid — Hydrate ofPhenyU ( CiiJH^O)-A& found 
in that portioti of oil of tar which boils between 300^ F. 



What remarkable properties does creasote possess ? From what is its 
name derived ? Prom what soorcers are picamar, kapnomar, cedrir6t» and 
pittaka] obtained ? What are the properties of naphthaliiie f What^aH 
•taiioe closely r^settibles it ? What «« the proptrtTes of kyaii^ f 
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and 400° F. This being agitated with potash, and the re- 
sult decomposed by an acid, yields carbolic acid, which 
may be puiified by rectification from caustic potash. It 
is an oily liquid, but may be obtained in long, needle- 
shaped crystals. A splinter of pine wood first dipped in 
it and then in strong nitric acid becomes of a blue color, 
which then passes into a brown. In many particulars 
this substance resembles creasote so closely, that a suppo- 
sition has been 'entertained that they are in reality the 
same body. 

When woody matter is gradually decomposed by con- 
tact with air and moisture, Ulmine and Xjlmic Add are 
produced. They arise from a partial oxydation, attended 
by the production of carbonic acid and. water, the action 
being originally occasioned by azotlzed matter in the 
wood ; corrosive sublimate, or any other body which pos- 
sesses the quality of checking ferment action, may, there- 
fore, be resorted to to prevent the dry-rot of wood. When 
the access of air is, for the most part, cut off, the brown 
bodies, ulmine and ulmic acid, no longer appear alone, 
but with them many other substances, of the family of the 
hydrocarbons, arise. Besides these, as in the formation 
of vegetable soil and turf, azotized acids, such as the Cren- 
ic and ApocreniCf appear. These originate in the decay 
of the nitrogenized constituents of the wood, an action 
which probably precedes its general disorganization. 
They are often found in mineral springs, in combination 
with oxide of iron, forming ochery stains. Crenic acid, by 
exposure to the air, changes into Apocremc Acid, a sub- 
stance much less soluble in water. 

There is abundant proof that all the varieties of coal 
have originated from woody fibre. For the production oi 
these, it seems requisite that the wood should be immers- 
ed in water at a moderately high temperature^ and with- 
out free contact of air. The ulmine bodiiBS form from the 
decay of wood at the surface of the earth ; the coal bod- 
ies under a heavy pressure. Of these we have many va- 
rieties, differing much in constitution : Ligndte^ which is 
of a brown color, and in which the structure of the wood 

What substance does carbolic acid ctoselv resemble ? Under whht cir- 
cumstances are nlmine and nknio acid prodoced i What bodien may he 
Omployed to prerent dry-rot? From what bodies do crcuic and npocrenic 
arids arise ? What is the scarce of the different varieti>;« of coal ? What 
ii» lignite ? 
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is more or less perfectly preserved ; the vuioas forms of 
Bitmmimaut Coal, as camiel coal, Newcastle coal, &c. ; An- 
thracke, which contains but little hvciroffen. 

Withthcwe more valuable natural products are&equent- 
ly found small quantities of others of less importance, as 
Ozocherit, or fossil wax ; Idrialine, which is isomeric vnth 
oil of turpentine ; PetroUum^ or Naphtha^ which in many 
Eastern countries is collected in wells. It arises, proba- 
bly, from the decomposition of coal by the action of the 
natural heat of the earth. 



LECTURE LXIULVI. 

Ajai^L Chemistry. — Equilibrium of the System. — CStMw- 
es of Diminution and Increase, — Relation of Oxygen to 
the Food,— ^Digestion, the Nature of it.-^^Description of 
the Process.— ^Artificial Digestion. — Two great Varieties 
of Food, — Nutrition in the Camivora and Crraminivora, 
— Routes of the Passage of Nutritious Matter into the 
System. 

In the preceding Lectures I have given the descriptive 
history of many of the more important organic .compounds, 
and chiefly those belonging to, or derived from, the vege- 
table kingdom. It remains now to mention another class 
which seems to bear a closer relation to animal beings. 
The appearance and destruction of these compounds lead 
by ready steps to a consideration of the physiological func- 
tions of the animal mechanism. 

There are certain causes which tend constantly to change 
theiweight of an adjilt, healthy individual; causes of in- 
crease and causes of diminution. Among the former may 
be mentioned food, drinks, and atmospheric air; among 
the latter, urin^, faeces, transpired and expired matters. 
And these, in the course of ia year, amount to many hun- 
dred pounds ; yet the resulting action of ijie mechanism 
is such that, at the end of ^at time, the weight remains 
unchanged. 

This fact, the constancy of adult w;eight, can, therefore, 
only be explained by an examination of the action of the 

.Whiit caofleB are in operanon tending to change the weight of an adalt 
animal t Mention some of the caoses of increase, and some df dimiuation 
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matters introduced into the interior of the system on each 
other, or an examination of the matters l-endered. What- 
ever is fit for food, when burned in the open air, with free 
access of oxygen, must yield carbonic acid, water, and 
ammonia ; and these, in point of fact, are the results of the 
action of the animal mechanism. Oxygen gas, introduced 
by the re9pirat(»y process through the lungs, effects event- 
ually the destruction of the hydrocarbons and nitrogenized 
bodies which have been introduced through the stomach ; 
and carbonic acid, ammonia, and the vapor of water, or 
substances in a transition state, which tend eventually to 
assume those forms, are the result. An elevated temper- 
ature must, as a consequence, be obtained. 

Before the introduction of chemical principles into the 
science of physiology, it was a favorite idea that the ani- 
mal system possessed the peculiarity of resisting the influ- 
ence of external agents. This is an error. There is no 
essential difference between the physical effects taking 
place in the body during life and after death, nor is there 
any principle of resistance to external agents possessed 
by living structures. The only distinction is, that during 
life the eflete materials pass off by appointed routes — the 
kidneys, the lungs, or the skin ; and after death, these 
passages being closed, they accumulate in the interior of 
the body. 

The matters returned by an animal to the external 
world are all found to be oxydized bodies, or such as arise 
&om processes of oxydation. The result is, therefore, 
forced upon us that the primitive action of the mechan 
ism is the oxydation of the food in the system by air which 
has been introduced through the lungs. 

The process of digestion appears to be exclusively for 
the object of effecting the minute subdivision of the food. 
By the action of the teeth or other organs of mastication, 
it is fitst roughly divided and simultaneously mixed with 
saliva. It is then passed into the stomach, and in that or- 
gan mixes with the gastric juice, a viscid and slightly 
aicid body. . This mixture is perfected by certain move- 
ments which the food now undergoes^ and under the con- 

WhM is thaohemical natare of tlie food? What gas is introduced 
tbipiagh the longs 1 How do these act on each other? Do animal stmo* 
Imten possess any power of resisting the influence^of external agents t 
Why do we conclade that the oxydation of the food i« the prinoipat eifeol 
going on in the system 1 What is the object of digestion 7 

K K 
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joint action of the saliva and the gastric juice it is totally 
broken up into a gray, semifluid, homogeneous mass, 
sometimes acid and sometimes insipid, of the consistency 
of cream or gruel, called Chyme, This gradually passes 
out through the pyloric orifice of the stomach, and enters 
the intestine. 

It has been a question whether artificial digestion could 
be performed, but it now appears to be universally ad- 
mitted that an acidulated water, containing animal matter 
in a state of change, has the power of impressing analo- 
gous changes on organized substances submitted to its ac- 
tion, just as the gastric juice, containing hydrochloric or 
acetic acid, with animal matter undergoing metamorpho- 
sis, derived from the saliva or the,coats of the stomach, 
possesses the power of dissolving fibrine'or coagulated 
albumen. 

Soon after its entrance into the intestine the chyme is 
mingled with bile and pancreatic juice, the former com- 
ing from the liver, the latter from the pancreas. The ef- 
fect appears to be a division ,of the chyme into three 
parts : 1st. A creamy fluid ; 2d. A whey-like fluid ; 3d. 
A red sediment: the two former, commingled, consti- 
tute what is designated the Chyle, 

It has bee;i already remarked that the aim of the di- 
gestive process appears to be the subdivision of the food. 
It is for this that the teeth comminute it; and the gastric 
juice, excited to activity by the oxygen introduced with 
the saliva, breaks down by its ferment action all albumi- 
nous and fibrinous matters^ and pi'epares the food, in this 
condition of extreme subdivision, for its passage into the 
blood-vessels. 

Before we can trace the chatiges which then occur, it 
is proper, however, to remark that, as respects rt he food 
it9elf, it may be distinguished into two varieties :. 1st. The 
food of nutrition or the nitrogenized food ; 2d. The food 
of i-espiration, or the non-nitrogenized food. 

The nutritive processes of carnivorous animals are very 
simple ; they live on the gramiuivora, ^nd find, in the car- 
cases they consume, the fats, the fibrine, and other such 

How is the chyme prepared 7 Cap digefitioa be cenducted artiiScially 1 
With what fluid* does the chyme mingle ? What is their action on itl 
What is chyle ? What two great varieties oi food ore there f Describe 
•w iratriti^ preoessea of thd caraivon. 
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Dodies which are necessary for their own economy; these, 
dierefore, simply require to be brbaght into a state of so-^ 
lution, or of extreme subdivision, and then are absorbed 
into the bl9od-ye8sels. In these cases the fats constitute 
the food of respiration, and the nitrogenized bodies that 
of nutrition. 

■ But the graminivora find in the vegetable matters they 
use the same essential principles ; their fibrine, albumen, 
ind fats are directly obtained from -plants, in which they 
naturally occur. In the digestive process of the two 
great classes of animals, there' is not therefore, in reality, 
any difference ; both find in their food the elements they 
require. 

There is reason for belieting that the two classes of 
Ibod are introduced into the system by different routes-— 
the fatty or respiratCM-y food passing through the lacteahi, 
and the nitrogenized bodies being taken up by the veins. 



LECTURE LXXXVn. 

Origin and Deposits op the Fats and I^Jeutral Ni- 
trogenized Bodies. — Artificial Formation of Fat, — It 
may he made in the Animal System^ or directly absorbed 
from the Food, — Proofs of the latter, -^Varieties of Fat 
arising in partial Oxydation, — Changes in Fat as it 
passes through the Systems of the Graminivora and 
Camivora, — Its final Destruction,-^ Origin and De- 
posit of the Neutral Nitrogenized Bodies,- — Properties 
of Fibrine^ Albumen, Caseine, Proteine, Gelatine^ &c. 

Two opinions have been entertained respecting the 
origin of the fat which occurs in the adipose tissues of 
animals, l&t* It has been supposed to be produced by 
processes taking effect in the systeih ; or,'Sd. dimply col- 
lected from the food. 

In many various* processes fatty bodies arise. Thus, 
when flesh po^eat is left in a stream of water, a mass of 
adtjpodre is eventually found. During the action of nitric 
acid on fibrine, and in the preparation of oxalic acid from 

What is their TOipiratory fcod 7 I)es<;ribe the nutritive processes of the 
graminivora. By wnat routes are (he two varieties of food introduced into 
the system ?' What opinions have been held respecting the Origin of fat ? 
In what processes is it apparently produced ^ 
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starchy oily bodies are .appaxenily product Tbere m- 
every reason to believe, however, Uiat theee are ratbor 
insulated than formed, or that they pre-exist in the bodies 
from which they are apparently derived. 

But recent experimentsi as in the preparation of bu- 
tyric acid from sugar, have decisively demonstrated that 
the fatty bodies can be artificially formed from the non- 
nitrogenized by processes such iis those of fermentation, 
and, consequently, we bave every reason, to suppose that 
the animal system can form fats from the food, although 
none mieht occu): there naturally. 

But though the power of fomung oily from amyla- 
ceous bodies may be possessed by the animal mechanism, 
there can be no doubt that in many instances it is not re^ 
sorted to, and that lata contained in the food are at once 
absorbed into the system. OSsfi» this absorption takes 
place with so slight a change impressed upon the (m1, that 
without difficulty we can dete(;t i^ presence by its odor 
or its taste. Thus, the milk of cows which are fed on 
linseed cake tastes strongly of that substance; and at 
those seasons of the year when such animals feed on 
youne shoots or leaves containing odoriferous oils, the 
taste IS at once detected in the milk. 

The deposition of fat upon an animal, and the produc- 
tion of butter in its milk, bear a certain relation to the 
amount of oleaginous matters found in its food. For this 
reason, Indian com, which contains from eight to twelve 
per cent, of oil, furnishes one of this most available arti- 
cles for feeding and fattening cattle. It is now, however, 
admitted that where foods without fat are used, the sys- 
tem possesses the power of effecting their production ; 
thus, bees vrill produce wax though fed upon pure sugar, 
and animals will grow fat though fed on potatoes alone. 

A great number of the fatty bodies may be derived 
from margarie acid by. processes of partial oxydation. 
With a limited supply of oxygen gas, ethalic -and myris- 
tic first make their appeacanoe; and the supply being still 
continued, there follaw eocinic, lauric, &c,, the process 
being as shown in the £>Uowing table : 

What reason is tKere tx> believe that it can be formed from the starch 
bodies 7 Wnat reason is tliere for believing that many &ts are direedy 
absorbed into the system 7 Is there any relation between the prodoctkm 
of batter and the qaanti^y of oil in the food 7 Can bees Ibnn vrax'&om 
•ttgar 7 By what process eaa the fatty bodies' be derived from Moh otbte 7 
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Bthalie. 
Myristic. 
CocMc. 
Lcurio. 



Csprio. 

(Snantbytic. 

Gaoroic. 

Vueriania 

Botjrnc. 



These partial oxvdatioiii^ being perfected, there result at 
last carbonic acid gas and water, the same bodies which 
appear when a fkt is directly burned m the open atmos- 
pheric air. 

The fats which oci;ur in plants pass into the systeoas of 
graminivprou^ animals, and there undergo changes, a se* 
ries of partial oxydations occurring. It is only a part 
which is completely destroyed so as to produce carbonic 
acid and water, and this part is the element of respiration. 
The residue accumulates in the cells of the adipose tis- 
sues, and, devoured by the carnivorous tribes, is destined 
to undergo in them tho^ successive changes which bring 
it back to the condition of carbonic acid and water, and 
restore it to the atmosphere from which it ivas originally 
denved by plants. 

The amylaceous bodies and fats, or the non-nitrogenized 
bodies, are, therefore, the food of respiration ; Jtheir office 
is to neutralize the oxygen introduced by the lungs, and, 
by the production of carbonic acid gas and water, keep 
up the temperature of the animal system. 

1 have already described the fatty bodies, and given the 
history of their general properties. It is unnecessary to 
repeat here what has been already said. 

When the expressed juices of plants, such as beets, tur- 
nips, &:c., are allowed to stand, there is deposited, after a 
short time, a coagulum or clot, which does not appear to 
differ in any respect from animal Fibrine, If this be remov- 
ed, and the temperature of the juice raised to 212^ F., it 
becomes turbid again, from the deposit of a second body, 
. Albumen. On separating this and slowly evaporating, a film 
forms on the suiface, identical with Caseine. These three 
bodies contain nitrogen, and may, therefore, be looked upon 
as the representatives of the neutral nitrogenized class. 

Fibrine{C^HMOuNfi. + {S.P) ).— This substance may 
tie obtained by beating fresh-drawn blood with twigs, and 

In what 4o these partial oxydatiorui tenmnate at last 7 What chaue^e 
ocscnrft to vegetable fats in passing thiongh the systems of the grapiinivora ? 
What is the object of the entire oombastion of a poitioa of it ? By wIki 
Bieans is the residae at last brought to the same state ? • What bodM 
constitate tiie food of respiration ? What is the composition of .fibrine 7 
Kk2 
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washing with water and ether the clot which adheres 
thereto. As thus prepared, fibrine is a white, elastic 
body, insoluble in water, alcohol, or ether, but soluble in 
hydrochloric acid, with which it yields a blue solution. 
It possesses the power of decomposing rapidly the deu- 
toxide of hydrogen.. When dried it shrinks, very much in 
volume, but, for ^he most part, recovers its bulk when 
again moistened, Fibrine derived from arterial and ve- 
nous blood is not altogether the same ; the latter may be 
dissolved in a warm solution of nitrate of potash, but the 
former can not. In the formula annexed to this body, 
the symbols within the brackets merely mean small and 
indeterminate quantities of sulphur and phosphorus. 

Albumen occurs abundantly in the serum of blood and 
in the white of eggs, from which i^ may be obtained by 
neutralizing iii a solution of it the associated soda with ace- 
tic acid, and on dilution with cold water it falls as a white 
precipitate,. soluble in water containing' a minute quantity 
of alkali. ' Exposed to a sufficient heat, common albumen 
coagulates and becomes a white body, wholly insoluble in 
water. The strong acids also unite directly with it, and 
form insoluble compounds ; acetic and the tribasic phos- 
phoric acid are exceptions. With metallic salts, as cor- 
rosive sublimate, it gives insoluble precipitates; hence its 
rise as an antidote for that poison. Its constitution is iden- 
tical with that of fibrine, except that it appeiirs to contain 
twice as much sulphur. 

Caseine is found abundantly in milk. It is insoluble in 
water, but, like albumen, is readily dissolved if free al- 
kali is present. It may be obtained by coagulating milk 
with sulphuric acid, and dissdlving the curd, after it has 
been well washed with water, in a solution of carbonate 
of soda. By standing it separates into two portions, oily 
and watery. From the latter the caseine is re-precipitated 
by sulphuric acid, and the process repeated. The caseine 
is finally washed v^nth ether to remove any trace of fat. 
It is a white substance, soluble in an alkaline water, the so- 
lution not being coagulated by boiling, but a skin forms 
on the surface as evaporation goes on. It can, bowever, 
be coagulated by certain animal membranes, as by the 

From what sources may it be derived? What are its properties? 
Wliat are Cbe soarc^s and properties of olbamen ? What are the soorcei 
^ad properd'es of caseine f 
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interior coat of the stomach of a calf. > It contains five or 
six per cent, of bone earth. 

The foregoing bodies are sometimes spoken of as the 
Proteine group, from the circumstance, as is shown ia 
their formula, that they all contain C^^H^^OhNq, a body 
which passes under the designation of proteine. - It may 
be extracted from them by dissolving either of them in an 
alkaline solution, and precipitating by an acid. It is a 
tasteless, white, insoluble body, soluble in acetic acid 
and in alkalies. It yields a binoxide and tritoxide, which 
may be produced by boiling fibrin e in water in contact 
with air. These substances are the chief constituents of 
the buffi/ coat of inflammatory blood. 

Gelatine {Ci^H^QNiO^) is prepared by dissolving isin- 
glass in warm water. It forms, on cooling, a soft jelly, 
which contracts as it dries. Solution of gelatine is pre- 
cipitated by corrosive sublimate, tannic acid, or infusion 
of galls ; with the latter bodies it yields a precipitate 
which is the basis of leather. Glue is an impure gelatine. 

On examining the constitution of some of the leading 
tissues of the animal system, it is plain that they bear a 
remarkable relation to proteine, as is shown in the fol- 
lowing table : 

Proteme, CairH^i^N^Oia. . . . = Pr. 

Arterial membrane = Pr- 

Chondrine (rib cartilage) . ,,:=iPr- 

Hair, hpms ^ . , ^^ Pr- 

Gelatinoas tissaes ,....= 2Pr - 

These different bodies are, therefore, derived from the 
proteine group by processes of partial oxydation ; for in 
their constitution they correspond to oxides, hydrated ox- 
ides, &c. 

The nitrogen! zed bodies introduced into the system 
pass through the same changes as the non-niti^genized : 
partial oxydations giving rise to various tissue forms, and 
ending in perfect oxydation, with a production of water, 
ammonia, and carbonic acid. 

Whether we regard the respiratory or the nutritive 
food, we see that the result is the same. Introduced 
thifough the blood-vessels into the system, it is brought 
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linder the destructive influence of oxygen arriving through 
the lungs, and, as I have already explained, the amount 
of oxygen is so adjusted to the amount of these classes of 
food combined, that in an adult and healthy individual the 
weight does not change, even after the lapse of a consid- 
erable period of time. 



LECTURE LXXXVIIL 

Or THE Introduction of Respiratory and Nutritious 
Food into the Blood, and its Transmission through 
THE System. — Absarptian by the Lacteals and Veins. — 
Cause of the Circulation of the Blood., — Constitution and 
properties of the Blood.— Plasma and Disks.— The Of- 
fices of each. — The Coagulation of Blood. — Analysis 
of Blood. 

The ordinary principles of capillary attraction are am- 
ply sufficient to account lor the absorption of nutritious 
matter from the intestinal cavity, both by the lacteal ves- 
sels and the veins. By this it is eventually brought into 
the general current -of the circulation, and distributed to 
every part of the system.. 

With respect to the forces involved in the circullBition 
of the blood, most physiologists have regarded the hy- 
' draulic action of the heart as amply sufficient to account 
for all the phenomena. It is now on all hands conceded 
that this organ discharges a very subsidiary duty. The 
whole vegetable creation, in which circulatory movemepts 
of liquids are actively carried on without any such central 
mechanism of impulsion ; the numberless existing acar»- 
diac beings belonging to the animal world ; the accom- 
plishment of the systemic circulation of fishes without a 
heart ; and the occurrence in the highest tribes, as in man, 
of special circulations which are isolated from the greater 
one, have all served to demonstrate that we must look to 
other principles for the cause of thes0 remarkable move- 
meuts. ^ . 

The cause of the circulation of the blodd is to be found 



What phjTflical prii^iple is involved in the absorbent action c( the lac- 
teals and yeiua ? Wiiat reasons are tiiere for sapposing that the action of 
tke h«art is not U19 only cause of the circulation 7 
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m the cbemica] relations of that liquid to tbe tissues with 
which it is brought in contact. On the principles of ca- 
pillary atthiction a liquid will readily flow through a por- 
ous body for which it has a chemical affinity, but it will 
refuse to flow through it if it has no affinity for it. On 
this principle we can easily explain why the arterial blood 
presses the venous before it in the systemic circulation, 
and why-th© reretse ensued ih the pulmonaiy. This ex- 
planation of the circulation of the blood, Which I offered 
some years ago, is no# admitted by many of the leading 
physiological writers to be true. 

The systemic circulatioti takes place because arterial 
blood has a high affinity for die tissues, and venous blood 
little or none. The pulmonary circulation takes place 
because venous blood nas a high affinity for atmospheric 
oxygen, which it finds on the air cells of the lungs, and ar- 
terial blood little or none. On the same principle we may 
explain the rise of sap in trees, the circulatory movements 
in the diffiarent animal tribes, and the minor circulations 
of the human system. 

The most striking peculiarity of the blood is the inces- 
sant change which it undergoes. It is constantly being 
destroyed, and as constantly being reproduced. It con- 
sists of two portions, the Plasma, a clear fluid, of a yellow- 
ish tinge, which contains fibrine, albumen, and fat ; and 
in this there float disk-like bodies of different shapes and 
magnitudes in different animals. In man they are about 
^^^^ of an inch in diamWer, consist of a sac of Glohpline, 
a body of the proteine family, and in the interior they con- 
tains red substance, Hetmatine,' which gives them their 
peculiar color. On one portion of them there is a nucle- 
us or* speck, consisting of ^xmgulated fibrine. When the 
disks are old and about to b6 destroyed, their interior is 
fil^ with Hamaphem, a yellow substance, correspond- 
ing to the coloring matter of the urine. Besides these, 
there are lymph, dbyle, and oil globules in the blood. 

A continuous metamorphosis goes on during the circu* 
ladola of the blood ; the plasma serves for the purposes 

What explanation may bd giveft of the cirealation in the capiiilrieA ? 
What ia the caase of tbe systemic circulation T What of the pabnonary ? 
Of what parts is the blood composed 7 What are the properties of the 
plasma 7 Of what are the disks composed 7 What are gbbuliiie, hflemft* 
tine, and hietnaiibeill 7 What are the functions of the plasma aud disks 
respectively 1 
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of nutrition, the disks for the production of heat, lliey 
absorb oxygen in the air cells of the lungs, and iransmit 
it to all parts of the system ; and as they grow old aod 
dbappear, new ones are formed from the plasma. 

AlUiough fibrine is known to exist in plants, I doubt ver j 
much whether it is directly absorbed as Fibrine .into the 
system. Besides the. direct proof which we have from 
the analysis of diose bodies, we know that fibrine and al- 
bumen BO closely resemble each other in constitution that 
they are mutually convertible into each other. During 
the hatching of an egg from its albumen the flesh (fibrine) 
of the young chicken is formed, a phenomenon accom- 
panying the absorption of oxygen, nrom the air. In the 
human system, abundant observation has proved that 
there is a direct connection between the quantity of oxy- 
gen introduced through the lungs and the amount of fibrine 
in the blood. When the respiratory process is unduly 
active the disks oxydize with rapidity, and the amount of 
dbrine increases ; but when the reverse takes place, there 
Is a restraint on the change of the disks, and the amount 
of fibrine declines. 

The coagulation of the blood is a phenomenon which 
has excited mflch attention, physiologists generally look- 
ing upon it either a^ wholly inexplicable, or what, in re- 
ality, amounts to the same things as due to the death of 
the blood. What connection there is between its life and 
fluidity, is not so very apparent. A little reflection will, I 
am persuaded, deprive this phenomenon of much of its 
fictitious importance, since it is plain that the coagulation 
of the blooa, or, in other words, the, separation of fibrins 
from it takes place in the body as well as out of it, for from 
this coagulated fibrine the muscular tissues are {brmed, 
and from it their waste is repaired. - By passing through 
two capillary circulaticMis, the systemic and the pulmona- 
ry, the rapidity of the process is very much interfered 
with ; but still, it eventually takes place. 

I here insert one of Lecanu's a^ialyses of the blood ; it 
may serve to give an idea of the constitution of that liquid. 
It must not be forgotten, howeves, that such analyses, be- 
yond mere general results, are of little value ; the compo- 

What reatons ar» there for sapposing that fibriu^ may be mad .' in jtfae 
ivstem from albumen or caseioe ? Does the x>agulatiori of the blood taka 
plac« doriug life / Of what are the maaculai tissnaa compoacd f 
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Bition <if the blood varies incessantly in the same individ- 
ual. For instance, the mere accident of his being diirsty, 
ot having recently drank abundantly of water, will make 
an entire change in the analysis of the blood. 

Water 780145. 

Fibrine ..... .^ .. . . 8-160. 

Coloriog matter 133*000. 

Albumen 65-090. 

Cryitailme fatty matter S*430. 

pUy matter 1«310. 

Bxtractive matter 1*790. 

Salt! and lost 14135. 

lOOO'OOQ. 

The follomng represents the constitution ef hsemato- 
sine: ^ 

Carbon , 66*49^ 

Hydrogen \ 5*30. 

Nitrogen 10*50. 

Oxygen. 11*05. 

Iron 6*66. 

lOOiW. 



t LECTURE LXXXIX. 

Nature of T9E Processes op Secretion. — Origin of 
Secretions, — Phenomena of Respiration,-^. Arterializ^h 
. Hon. — Production of Animal Heat. — Removal of effete 
Matters, — Constitution of Milk, — Uses of that Secretion, 
— Mucus. — Pus.' — BUe."^ Urine. — Calculi. — Bones, — 
Nervous Matter. 

During the starvation of an animfil all its various se- 
cretions are still formed : a consideration which proves 
thfit the production of urine, bile, and other sUch bodi^ 
IS, in reality, connected with the destructive processes 
going on in the animal system. These processes of de- 
cay originate in the action of oxygen admitted by the 
process of respiration. 

The lungs, which constitute the organ by which air is 
introduced, are originally developed as diverticula from 
the GBSophagus, and finally become an immense congeries 
of cells emptying into the trachea. In respiration they 
ai*e peiiectly passive, the ah- being introduced and ex- 

What circmnstances tend to change the oonstitation of the blood ? How 
is it known that the secretiona arise from dettmctiTe proceateg 7 Wbf 
is the stnictiire of the huitrs 7 
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polled alternately by muscular contraction. It is com- 
monly estimated that^ on an average, about 17 inspira- 
tions are made each minute, and at each inspiration about 
17 cubic inches of air are introduced. 

The blood presents itself on the air cells of a deep blue 
color, and is then known as venous blood. Through the 
thin wall of the cell it obtains oxygen from the air, and 
gives out carbonic acid. It is die coloring matter of 
the disks which discharges this function, and during the 
act of change its tint alters. to a bright crimson. It is 
said now to be arterialized, or to constitute arterial blood. 
The magnitude of the scale on which this operafion is 
carried forward may be appreciated from the circum- 
stance that in a man of average size, in a single day, about 
seven tons of blood have been exposed to 226 cubic feet 
of atmospheric air. 

The oxygen thus introduced acts directly either on 
the tissues themselves, ^s it is distributed by the systemic 
circulation, or on the elements of respiration they con- 
tain. In the latter case, carbonic acid sas. and water are 
the result ; in the former, carbonic acid, water, and am- 
monia. But these changes can not take place without an 
elevation of temperature. Carbon and hydrogen can nei- 
ther burn in the air nor in the animal system without 
evolving heat The high temperature which an animal 
can maintain is, therefore, directly proportional to the 
quantity of oxygen it consumes. 

The tissues being thus aoted upon, give rise, during 
their metamorphoses, to new products, which require to be 
removed from the system ; these, passing under the name 
of secretions, are discharged by glands or other special 
organs. Thus, the carbonic acid, for the most patt, es- 
capes from the lungs ; the ammonia through the kidneys; 
the vvater through both those organs and the skin. Lie- 
big has attempted to show that if th6 elements, of urine 
be added to the elements of bile, they will represent the 
elemen ts in the blood ; and there can be no doubt rfiat 

How°m^^Ll'?^P.'''^^°°« ^oes a man make, on an average, in a minute? 
U meSJ^v fho"" "^¥« of air are introduced at each inspiration ? What 
ffen mtrodacLT^T^^^T^*^^'^ °^ ^« ^^°°^ ^ What action does the oxy- 
channels are tl«^ i i- ^*'** ^^^ animal heat arise 1 TJirough whal 
discharged? wi "^-' «ecretions, water, amraoniai and carbonic acid, 
•f the uriae aiirJ Knl'^*^^?**?®*? relation is there between tiie confluents 
^*^ l>ile coniomtly and those of the Wood f 
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the sulphates and phosphates found in the urine arise di- 
rectly from the sulphur and phosphorus previously exist- 
ing in the muscular fibre and nervous matter. 

As an illustration of the principles here given in rela- 
tion to the functions of nutrition and secretion, the con- 
stitution and properties of milk may be cited. The fol- 
lowing is an analysis of it : 

JVator ; . . t73H)0 

Batter 3000. 

Caseine 48*20. 

Milk gagar ; . . . . 43-90. 

Pboiphate of lime S'3l. 

" " magnesia *42. 

" ** iron -07. 

CSibride ofpotauiiim ."• . . . . ^ 1*44. 

** " aodiiim •••.•.•«. "IH. 

Soda in oomhination witlt caseine . . '42. 

100000. 

Of the substances here mentioned, all are undoubtedly 
obtained directly icom tiie food. In the herbage on 
which a graminivorous, milk-giving animal feeds, every 
one of these constituents occurs. I have already shown 
that the buttef, or fat, and the caseine are thus directly de- 
rived, and the evidence is equally complete that all th« 
salts of phosphoric acid and chlorine arise from the same 
source. 

A yoiing animal, which, in the first periods of its life, is 
nourished exclusively on milk, finds in that milk all the 
various compounds it requires for its own existence and 
growth. The respiratory food is ibere — it is the butter 
and milk sugar ; Vie nitrogenized food is there — ^it is the 
caseine; and we have aOready seen that albumen and 
caseine are both convertible intofibrine ; the caseine, thus, 
in the mother's milk, becomes converted into flesh in the 
young animal. To insure the growth of its bones, phos- 
phate of lime (bone earth) is present ; there is also chlo- 
rine to form the hydrochloric acid of its gastric juice, and 
soda, which is an essential ingredient in its bile. 

It remains now to add a bnef description of the prop- 
erties of the remaining leading animal substances, among 
which may be mentioned : 

S*rom what do the sulphates and phosphates of the nrine arise T What 
•i:e the chief oonstitaents of milk? From what scarce are they deriyedl 
What becomes of the batter, milk sogar, caseine, phosphate of lime, ehh^ 
line, and soda in the body of die yoang animal 7 
L L 
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Crtlb 18 usually of a white or teddisb white tint, it 
resembles blood in constitution and power of coagulat- 
ing. It contains much fat/ which gives to it a cream-like 
aspect. 

Mucus exudeis from the surface of mucous membranes. 
It is of a white or yellow color, of a viscid constitution, 
and insoluble in water. It dissolves in a solution of pot- 
ash, and is precipitated by an alkali. 

Pus, a secretion from injured surfaces, resembling mu- 
cus in maiiy respects, but distinguished by not being sol- 
uble in potash solution, but converted by it into a gelat- 
inous boay, which can be pulled out in direads. 

Bile, a yellow liquid, secreted by the liver from the 
portal blood ; it turns green in the air, has a bitter taste 
and an alkaline reaction, due to the presence of soda. Its 
coloring matter is chlorophyl. It is regarded as a 
choleate of soda, the constitution of choleic acid being 
CjJSfigNtOn. Of the correctness of this formula there b 
considerable duubt, since it has been recently affirmed 
that Taurine^ which is a derivative body, contaips a large 
amount of sulphur. 

Urine, a yellow -colored fluids secreted by the kid- 
neys ; has an acid reaction ; its specific gravity from 1*005 
to 1*030 ; putrefies at a moderate temperature, its urea 
passing into the condition of carbonate of ammonia. The 
chief constituents of urine are urea, uric acid, the sul- 
phates and phosphates of potash, soda, lime, ammonia, 
and a yellow coloring matter, with mucus of the bladder. 

The constitution of the urine changes in disease. In 
Diahetes it contains grape sugar, as may be shown by the 
test of sulphate of copper, already mentioned. Diabetic 
urine may even be fermented vdth yeast, and alcohol dis- . 
tilled from it. 

Urinary Calculi are stony concretions often formed 
in the bladder of man and many animals ; they are of dif- 
ferent kinds : 1st. Uric acid. 2d. Urate of ammonia. 3d. 
Phosphate of lime, magnesia, and ammonia. 4th. Ox- 
alate of lime, or mulberry calculus. 5th. Cystic and xan- 
thic oxides. 

What it chvle f What is mtuniB 7 How xnav pas be diatlognished from 
maGQs T What are the chief propertieg of bUe f From what u it formed ? 
What does taurine contain 1 What are the chief constitnents of urine t 
How may fiti.§[ar be detected in diabetie wine? What varieties of vii 
oary calculi are there T > 
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BoN£s consist of two parts : an animal and an earthy 
matter. The latter is the phosphate of lime (hone earth). 

NervouI^ Matter consists of an albuminous substance 
with several fatty principles, distinguished by the remark- 
able fact that they contain phosphorus. In addition, it 
contains chlolesterine. 

It would not agree widi the object of these Lectures 
ifrere I here to offer any detailed remarks on the func- 
tions of the brain and the nervous system. Of the action 
of the lungs, the liver, the kidneys, or other such organs, 
we are beginning to have a very distinct idea ; but it is 
altogether different with the functions of the cerebro-spi- 
nal axis; there every thing is in mystery and darkness; 
yet it is in what may be hereafter discovered in relation 
to the action of this system that our chief hopes of the ad- 
vance of animal chemistry and physiology depend. 

Of what are bones composed? What are the cMef constitaenta of 
lervous matter f 
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Absohite alcoho], 323. 
Acetal, 332. 
AcetificatioD, 392. 
Acetone, 335^ 
Acetyle compounds, 331. 
Acid, acetic, 332, 

abonitic, or eqnisetic, 364. 

aldehydiC) 331. 

alloxanic, 360. 

amyg<|lalinic, 353. 

anmc, or m^gotic, 374. 

anthxtmiHc, 374. 

antimonic, 293. 

antimonioas, 293. 

apocrenic, 384. 

arsenic, 292. 

arsenioos, 286. 

tests fijr, 289. 

benzoic^ 344. 

boracic, 246. 

butyric, 321. 

capric and captmc, 378. 

carbolic, 38^. 

carbonic, 241. 

liqnefaction oi^ 243. 

cbloracetic, 334. 

chloric, 230. 

chlorous, 230. 

chloro-valerisic, 343. 

chromic, 286. 

chrysammic, 374. 

chiysanilic, 374. 

cinnamic, 349. 

citric, 364. 

Gomenic, 369. 

crenic, 383. 

croconic, 318. 

cyanic, 353. 

c;yanuric, 354. 

dialuric, 361. 

elaidic, 378. 

ellagic, 366i 

ethfuic, 378. 

ethionic 330. 

ferric, 279. 

Ibrmic, 340. 

folminic, 354. 

fomaric, 365. 

gallic, 366. 



Acid, glacic^ 316. 

hippuric!, 346. 
by(IrijCHlk\ a-JC, 
hydixKlilurkf ^1. 
hydrcK-yauiCj 351* 
bydroferrmcyaoiG, 35SL 
bydrofluoric, 238. 
hydroiuusiLiLcic, ^48. 
hydros ulicyliCr 347, 
hydnoaulpfiotyBnic;, 357, 
hydit}flu]phiint.v 230. 
hyperehlorie, 230, 
by;}ett!liloroiis. *230^ 
hypermaugaBk, 275* 
hv-ponitroBJi, 207. 
hypos ulpbaric, 219. 
hypOGulphaTOQjij S^IS. 
i^tLBurict 370. 
Ua.tiuic, 374. 
Uethioiilc, 330. 
japonic, 365. 
kinic. 370. 
lai;t]t% 324. 
Uebk. 359. 
maleic, 363. 
maJk, 3t!l. 
manganic, 274. 
margaric, 377. 
meconic,369. 
' melanic, 348. 
melasinic, 316. 
mesoxalic, 360. 
metagallic, 366. 
metaphosphoric, 2iiX 
mncic, 318. 
nrariatic. 231. 
mykomelinic 360. 
myristic, 378. 
nitric, 209. 
ni^omoriatic, 234. 
nitrons, 208. 
oenant^ic, 327. 
oleic, 377. 
oxalic, 316. 
oxalhydric, 318. 
oxaloric, 360. 
palmitic, 378. ' 
parabanic, 360. 
pectic, 314. 
phosphoric, 224. 

x2 
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4cid phMphoroat, 984. 

phMpboTUiic 328. 

picric, or carbazodc, 374. 

pinic, Silvio and pimuric, 380. 

purpuric, 361. 

pyroraUie, 366. 

pyrougoeowt, 33S. 

pyrameccmic, 369. 

pjrmphMphonc 82b. 

pyrotwuric, 363. 

raoemic, 363. 

ihodttonic, 318. 

mbtnic, 365.' 

■aochftric, 318. 

saochafanic, 316. 

■alicyKc, 347. 

■ebacxc, 378. 

silicic, 247. 

stearic, 377. 

aaberic, 378. 

•ucctnic, 379. 

salpfaamilic, 343. 

aolphixidigotic» 373. 

aalphobenzoic, 344. 

■olphoglyceric, 377. 

•alphometbylic, 340. 

aulpbonaphthalic, 383. 

■olpboaaccfaaric, 315. 

■alphovinic, 327. 

■olpfaaric, 217. 

■nlphorocu, 215. 

tannic, 365. 

tartaric, 362. 

thionuric, 360. 

olmic, 316, 383. 

nramilic, 361. 

uric, 358. 

▼alerianic, 343L 

zantfaic. 336. 
Acids, coupled, 362. 
Aconitine, 370. 
Affinity, chemical, 1G4. 
Albumen, 389-390. 

vegetable, 389. 
Alcargen, 338. 
Alcohol, 323. 
Aldehyde, 331. 
Alizanne, 373. 
Alkarsin, 337. 
AUantoin, 369. 
Alloxan, 359. 
AUoxantine, 361. 
Alumina, 271. 

sulphates, 273. 
Aluminum, 271. 
Alums, 273. 

Amalgamation process, 299. 
Amalgams, 303. 
Amidme, 312. 
Amidog^en. 349. 



Amilen, 343. 

Ammeline and ammelide, 357. 

Ammonia, carbonate, 350. 

nitrate, 350. 

preparation and proper* 
ties a£, 249, 34». 

sulphate, 350. 
Ammoniacal amalgam, 250, 349. 
A»n" (Mwy"''i'» , 250. 

chloride, 350. 
sulphurets, 851. 
Amygdaline, 352. . 
Amyle compounds, 348. 
Anatto, 373. 
Aniline, 367, 371, 373. 
Animal chemistry, 384. 
Anthracite, 239. 
Antiarine, 370. 
Antimony, 892. 

chloride, 893. 

oxide, 893. 

sulphurets, 894. , 
Aqua regis,. 834. 
Arabine, 314. 
Arp^ol, 333. 
Anciue, 370. 
Arrow-root, 318. 
Arsenic, 887. 

sulphurets, 898. 
Arterialization, 396. 
Arterial membrane, 391t 
Atmosphere, com]>Qsition of, 191. 
physical constitution 
0(190. 
Atmospheric pressure, 198. 
Atomic weights, 145. 
Atoms, 5. 
Atropine, 370. 
Aurum musivum, 885. 
Azote, 188. 



Balloons, 16. 

Balsams, 381. 

Barium, 864. 

chloride, 865 
oxides, 865. 
sulphuret, 3M, 

Barley sugar, 313. 

Barometer, 200. 

Baryta, 265. 

carbonate, 806 
sulphate, 866. 

Baswaine, 314. 

Batteries, voltaic, 130 

Bell metal, 896. 

Benzamide. 345. 

Benzine, 346. 

Beuzoine, 345. 

Benzonp, .346^ 
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Benzyle oompooDds, 344. 
Bile, 398. 
Biscait-ware, 872. 
Biamath. 299. 

nitrates^ 299. 

oxides, 309. 
Bleaching powder, 269. 
Blood, composition of, 395. 
Boiling points of fluids, 47. 
Bone earth, 269. 
Bones, composition of, 399. 
Boron, 246. 

Brain, composition o{, 399. 
Brass, 296. 
British gam, 313. ^ 
Bromine, preparation and properties 

of, 237. 
Bmcia, 370. 
Bafiy coat, 391. . 
Butyrine, 378. 



Gadmiom, 283. 

compoondfl o^ 283. 
Caflbine, 370. 
Calamine, electric; 283. 
Calcium, 267. 

chloride, 268. 
flaoride, 268. 
sulphurets of, 268. 
Calculi, urinary, 398. 
CfUomel 302. 
Calorimeter, 29. 
Camphor, 379. 

artificial, 379. 
Caoatchoac, 380. 
Capacity for heat, 28. 
Caramel, 313. 
Carbon^ 238. 

chlorides c£, 329. 

its compooxuls with oxygen, 

240. 
•nlpbnret ot, 246. 
Carbonic oxide, preparation and 

properties oC 840. 
Carbjrle, salphate of, 330t 
Carmine, 374. 
Carthamine, 372. 
Caseine, 389-390. 

K vegetable, 389. 

Cassava, 312. 
Cast iron, 277. 
Catechin and catechu, 365. 
Cedriret, 382. 
Cellulose, 315. 
Cerine, 378. 
Cerium, 273. 

Chameleon, mineral. 275. 
Charcoal, properties o^ 839. 
Chinffldine, 370. 



Chloral, 335. 
Chloric acid, 830. 
Chlorine, 886. 

compound witih oxygen, 

829. 
preparation and properties 
of, 227. 
Chlorisatine, 374. 
Chlorocinaose, 349. 
Chloroform, 341. 
Chlorophyle, 372. 
Chlorosamide, 348. 
Chlorureted acetic ether, 336. 

formic ether, 336. 
Chlorous acid, 230. 
Cholesterine, 378. 
Chondiine, 391. 
Chrome yellow, 287. 
Chromic acid, salts of, 287. 

oxide, salts 0[, 286. 
Chromiom, 285. 

oxide, 885. 
Chyle. 386, 398. 
Chjrme, 386. 
Cinchona, 369. 
Cinnabar, 303. 
Cinnamyle compounds, 348. 
Circulation of blood, 393. 
Clays, composition o( 271. 
Clay iron stone, 276. 
Coagulation, 394. 
Coal, 384. 

oil, 382. 
Cobalt, 281. 

characters of salts o( 981 

chloride, 282. 

oxalate, 281. 

oxides, 281. 
Cobaltocvanogen, 357. 
Cocoa tallow, 378. 
Codeine, 368. 
Cohesion, 7. 
Colchicine^ 370. 
Cold rays, ^9. 
Colophony, 380. 
Cobring principles, 371. 
Colors. 82. 
Columbium, 287. 
Combination, by volumes, 154. 

laws of, 151. 
Combining numbers, 153. 
table of, 145. 
Combustion, 174. 
Compound radicals, 309. 
Condensation of vapors, 45. 
Conicine, or conia, 370. 
Copper, 295. 

alloys ot, 296. 
arsenite, 296. 

carbonates, 896. 
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Coppov nitnte, SM. 
oxidei, S95. 
■ttl ph ateb 296* 
Comtive lablimate, 303. 
OretMCe, 381. 
CryofinatoM, SO, 
CiystaUisatiao ; tryMOogrKshy, 

156. 
CapeUatkai. 300. 
Oanrine, 370. 
Oyunelide, 353. 
CytnidAa, metaDio, 353. 
CyuKMpsn, US, 350. 

dOoriaet qI; 355. 
Oyftio oxide, 301. 



Dunmar ref &, 3M. 
Daphaine, 370. 
Datorine, 370. 

Deoonqmntion of water, ISi. 
Delphinine, 370. 
Deotoxide of nitrageii, 906. 
Dew, 60. 
Dew-potot^ 59. 
Deztnoe, 312. 
Diamond, 939. 
Diactaae, 319. 

Diiforential thermometer, 17. 
Diflhaioa of gaaea, 909. 
Dijfeation, 386. 
Dimorphiim, 160. 
DiaperBion, 74. 
Dragon'a blood, 380. 
DnMfl, 997. 
Dotch liquid, 399. 

S. 

Sartlien-ware, manufactare ot 279. 
Ebullition, 44. 
Elaidine, 37& 
Slaldehyde, 331. 
Blaterine, 370. 

Electricity, action oC on tlie inagnet^ 
133. 

animal, 149; 

oondnctimi of, 99. 

of iteam, 149. 

itatical,97, 

voltaic 115. 
Electro-chemiitiy, 195. 
BlectrolyaU, 186. 
ElectRoneten, 112. 
Electrotype, 129. 
Electroptaomi, US. 
Emetine, 370. 
Emoliine, 352. 
Enamel, 264. 
Equivalent nomben, 145. 



Equivalent numben, table dC 1 A 

Bremacauaia, 310. 

Baaencea, 379. 

Btfaa],378. 

Ether, 324. 

crmtinugna ptoeeaa fixr, 328. 
Etfaen, compound, 326. 
Ether, heavy muriatic, 335. 
Etherole and etfaerine, 330. 
Ethyle group, 325. 
BucUometer, Ure'a, 190. 
Eupione, 381. 
Evaporation, 55. 

at lew 
56. 
Bxpanaion'of aotida, 23. 

flnida, 18. 

gaaea, 15. 



Faraday'a theoiy of ptdarizatkm, 113 
Fatty bodiea, 375. 
Fermentation, aksobolic, 390: 

lactic, 321, 394. 
Ferridcgranogen compounda, 356. 
Feirocyanogen compounda, 355. 
Fibrine,389. 

vegetable. 389. 
Fixed air, 242. 
Flame, atmcture oC ItO. 
Fluoride of bonm, 247. 
Fluorine, 237. 
Formomethvlal, 341. 
Freezing of water by evaporatltMi, 

51. 
Freezing mixtorea, 37^ 
Fuael oU, 342. 
Fuaible metal, 299. 

e. 

Galvanism, 116. 
Galvanometer, 135^ 
Gamboge, .379. 
Gay-LuMsac'a law, 904. 
Gelatine» 39L 
Gkntianine, 370. 
GeoiBioy'B tablea, 167. 
Glaaa, manufacture o( 99ii ' 

aoluble, 973. 
GlobuUne, 393. 
Glucinum, ftf^ 
Glucoaer 313. 
Glycerine, 376, 377. 
Geld, 303. 

compounda oC 3041 
Goniometera, 159. 
6k>ulard'a water, 334. 
Graphite, 239. 

Gravity, specific, of gaaea, dete^0^ 
nation of, 155. 
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GT«en, Scheele'g, 8M. , 
Qrove'B battery, 12S. 
Ghim, British, 313» 

Ax«t}io-H;r8«^l6Mtb,.jU4. 
Gan cotton, 318. 
GuBfiOwder, 860 . 
Gypinm. 269. 

H. 
Haimaphein, 393. 
Hnmatite, 976. 
Hair, 391. ^ 
Hare'i batteries, 181-131. 

blow-pipe, 1^9. 
Heat, animal, 396. 

capacity for, 98. 
conduction m, 56. 
excfaftnges o^ 67. 
Iatenti36.' 

radiatbn, reflection, absorp- 
tion, and transmission of, 63. 
varieties 0^67. ^ 
Hematine, 393. 
Hematoz^line, 379. 
Hesperidme, 370. 
Horn, 391* 

Hydrobenzamide, 345. 
Hydrogen, antimbniQreted,.994. 
arseniure^d, 899. 
light carbureted, 843. 
peroxide oS, 188. 
persnlphmret oi, ,999. 
phpsphnreted, 996. 
preparation noA. proper' 
ties of, 178. 

sah>fav®t^ ^^• 
Hygromet^, Darnell's, fiti. 
Hygrometry, 51. 
Hyoflc^amine, 370. 
Hyponitroos ^xAd, 907. 
Q^rppsalphnroas ad.d, 919. 

L 

Ideal coloration, 94. 

Idrialine, 384. 

Indigo, 373. 

Induction, 109. 

Interference, 83. 

Interstices, 6. 

lMililie,3l9. 

Iodine, preparation and pBopert^es 

oC934. 
Iridium, 306. 
bon,976. 

carbonate, 980 

cast, varieties of, 977. 

characters of salts of, 278. 

chlorides, 980. 

manofactore, 976. 

oxides of, 278. 

passive, 9118. 



Iimv fulphatei, 980. 
sulphurets, 980.) 
Isatine, 374. 
Isamerism, 162. 
Ispmgrpbism, 161. 



Kakodyle «ad i^s cooaponndi, 38/. 
Kapnomor, 382. 
Kermes mineral, 994. 
Kyanol, 382. 

L. 
Lac, 360. 
Lactine, 314. 
Lampblack, 999. 
Lamps, safety, 56. 
Lanmanixmi, 973. 
Latent heat, 36. 
Laughing gas, 905. 
Laws of combinatioQ, 151. 
Lead, 997. 

action of water on, 997. 

aUm of, 999. 

carbonate, 998. 

characters of salts ot, 998 

chloride, 998. 

iodide, 998. 

nitrate, 299. 

oxides, 998. 
Leaven, 319. 
Lecanorine, 374. 
Leiocome, 313. 
Letfkol, 371. 
Leyden jar8,,10e< 
Li^t, cause oi 71. 

chemical action ef, 77. 
reflecrion, refraction, and p» 

larization of, 87-89. 
wave ^eory, 71, 78. 
Ltgnine, 315. 
Lignite, 383. 
Lime, 967. 

carbonate, 966. 

chloride, 969. 

phosphate, 969. 

salts, characters oC 968. 

sulphate, 969. ' 

Liquor of Libavius, 985. 
Liminm, 264. 
Litmus, 374. 

It 

lif adder, 379. 
Magnesia, 869. 

carixmate, 970. 
characters of salts ot, :270l 
phosphate. 271. 
, sulphate, 270. 
Magnesium, preparation sind o^ 
erties o£ 269. 
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If ftgnetiam, 134. 
ICagneto, artiiidal, 137. 
Magneto-electricity, 139. 
MSwhite, 296. e ,^ ^ 

ICangauese, cbancten of saJta o^- 
874. 

chloride, S75. 

oxidee of, 274. 

preparation and prop- 
erties c€, 274. 

solphate, 276. 
Margarine. 376, 377. 
Margarone, 377. 
Marnotte. law oC 43, 903. 
Marsh's test for arsenic, 290. 
Maximnm density, SI. 
Meconine, 368-<370. 
Medicated waters, 379. 
Melam and melamine, 357. 
Mellon, 356. 
Mercaptan, 336. 
Mercofy, 309. 

characters of saUsoC 303. 

chlorides, 309. 

iodides, 303. 

nitrates, 303. 

oxides oC 302. 

snlphates, 30X 

solphnrets, 903. 
Mesityle, 335. 
Metaldehyde, 331. 
Metal, fusible, 299. , 
Metals, general properties of, 252. 

classification of, 253. 
MeOiyle compoonds, 338. 
Microcosmic salt, 264. 
Milk, composition oC 397. 
Minderems spirit, 333. 
Mineral chameleon, 275. 
Molybdenum, 287. 
MordanU, 272. 
Morphia, 368. 
Mosaic gold, 885. 
Mucilage, 314. 
Mucus, 398. 
Multipliers, 135, 
Murexan, 361. 
Murexidp. 361. 
Muscovado sugar, 313. 
Myricine, 378. 



Naphtha, 382-384. 
Naphthaline, 382. 
Naroeine, 368, 
Narcotine, 368. ' 
Nervous substance, 399. 
Nickel, 28b 

sulphate, 881. 
Nihil album, 288. 



Nitric acid. 809. 
Nitrobenzide, 346. 
Nitrogen, chloride oC 231. 

its oompoands witn CfXf' 

gen, 189. 

preparctions and proper 
ties oi 188. 
Nitrons add, 208. 

oxide, 205. 
Nomenclature, 144, 
Nutmeg butter. 37& 
Nutrition* function ot, 39iL 

O. 

GBnanthic etiier, 327. 
Ohm's theory, 131. 
Oils and fats, 375. 
Oil of bitter almonds, 344, 
cajeput, 379. 
cinnamon, 348. 
copsiba, 379. 
horseradish, 379. 
lavender, 379. 
lemons, 379. 
mustard, 379. 
peppermint, 379. 
rosemary, 379. 
spiraea, 347. 
storax. 379. 
turpentine, 379. 
vitriol, preparation o^ 817 
wine, heavy, 329. 
Oils* palm and cocoa, 378. 

volatile, 378. 
Oleine, 376, 377. 
Olefiant gas, 244. 
Orcine, oiceine, 374. 
Organic bodies, dsMtfication o^ 311. 
decomposition o€ by 

heat, 308. 
general diaracters 
0^307. 
chemistry, 307. 
Orpiment, 292. 
Osmium, 287. 
Oxalates, 317. 
Oxamethane, 327. 
Oxamide, 318, 326. 
Oxygen, preparation and piopertiM 

of, 169. 
Ozokerite, 384. 



Palladium, 304. 
Palmitine, 378. 
Palm oil, 378. - 
Papin's digester, 45. 
Paracyanogen, 351. 
Paraffine, 381. 
ParanaphthaUne, 3M< 
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Paschal's experiment, 201. 
Pectine, 314. 
Perchloric acid, 230. 
Petroleam, 384. 
Pewter, 285. 
Phloridzine, 370. 
Pfaodphorescence, 78, 96. 
Phosphoric actd, 224. 
Phosphoros, compounds widi oxy- 
gen, 223. 
preparation and proper* 
ties oC 222. 
Phosphureted hydrogen, 226. 
Photography, 93. 
Picamar, 382. 
PicTotoxine. 370. 
Pile, voltaic, 120. 
Piperine. 370. 
Pitch, 381. 
Pit-coal, 384. 
Pittakal, 382. 
Plasma, 393. 
Platinum, 304. 

black, 305. 
chlorides, 305. 
oxides, 305. 

power of determining un- 
ion of gases, 305. 
salts, combustible, 371. 
spongy, 305. 
Plumbago, or graphite, 239. 
Polarization of light,' 87. 
PopuUne, 370. 

Porcelain, manufacture of, S7Z, 
Potassium, chloride of, 259. 
iodide o£ 259. 
peroxide oi^ 257* 
preparation and proper- 
ties of, 256. 
iulphurets o^ 259. 
Potash, 257. 

bicarbonate, S59. 
bisulphate, 259. 
carbonate, 259. 
chlorate, 260. 
hydrate of, 257. 
nitrate, 260. 
salts, test for, 258. 
sulphate, 259. 
Potato oil and its compounds, 342. 
Prism, 74. 
Proteine, 391. 
Prussian blue, 356. 
Pseudomorphine', 368. 
Purple of Cassius, 284-304. 
Pus. 398. 

Putty powder, 284. 
Pyroacetic spirit, 335. 
Pyrometer, 23. 

Darnell's, 27. 



Pyioxylie spirit, 399. 

a 

Cluercitron bark, 373. 
duicksilver, 302. 
Ctuina, 369. 
duinoline, 371. 

E. 
Radiation, 63. 

BAys of the sun, chemical, 9u 
Aealgar, 292. 
Reflection, law at, 89. 
Refraction, law of, 74, 89. 
Resins, 380. 
R«espiration, 176. 
Rhodium, 306. 

S. 
SacKshulmine, 316. 
Safety iet, Hemming's, 58. 
Safety lamp, 58. 
Sago, 312. 
Saiicine, 347, 370. 
Salicyle compounds, 34V 
Scheele's green, 296. 
Secretion, 395. 
Selenium, 222. 
Silicon, 247. 
Silver, 299. 

ammoniuret, 301. 
characters of salts o^ 300. 
chbride, 301. 
German, 281. 
iodide, 301. 
nitrate, 301. 
oxides, 300. 
snlphuret, 301. 
Smalt, 281. 

Soaps ; saponification, 376. 
Soda, biborate, 264. 

bicarbonate, 263. 
carbonate, 262. 
hydrate of, 261. 
mtrate, 263. 
phosphates of^ 263. 
sulphate, 263. 
Soda water, 242. 
Sodium, chloride, 261. 

preparation a^d pivpertiM 
of, 260. 
Solanine, 370, 
Solder, 285. 
Specific gravity, 1^5i , 

heat, 28. 
Spectres, 96. 
Spectrum, solar, 75-78 
Speculum metal, 296. 
Spermaceti, 378. 
Spiraea ulmaria, oil of, 347. 
Starch, 310. 
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Steuu elutic forae of; 49. 

efkgine, 46, 55. 
Btearino. 376. 
Steaiopten, 379. 
Steel, 977. 

Btone-ware, mAniifmctare aC 279. 
Stnuitia, 966. 

nitrate, 967. 
lulphate, 967. 
Strantiain, 966. 

chknide, 967. 
8tryoliiiit, 370. 
Babfimate, ooRosive, 303. 
Bubetitiition, 310. 
Sugar, cane, 313. 

encalyptos, 314. 
from ergot of rye, 314. 
grape, 313. 

of diabetes inflipidiu, 313. 
of milk, 314. 
Snlpbobenzide, 346. 
Sa^hocyanogen oompoimda, 357. 
Solphnr compoimdi witb oxygen, 
215. 
oocuirence in nature, 912. 
properties of, 214. 
Solphnreted hy<^^®°i 920. 
Salphnric add, 917. 
SolpbiuoaB acid, 215. 
Symbols, 147. 

table o( 145. 
Synaptase, 352. 
Systema, oyatallographical 156. 



Tapioca, 319. ^ 
Tar, varietiea of, 381. 
Tartar, cream (A 363. 
Taurine, 398. 
TeUorimn, 994. 
Tbebaine, 368. 
Tbeine, 370. 
Theobramine, 370. 
Tbermoelectricity, 139. 
Thermometer, Breguef s, 36. 

constraction of^ 19. 
differential, 17. 
Banctorio'a, 17. . 
scales, 20. 
Tborinm, 973. 
Tin, 983. 

chlorides, 984. 

oxides, 284. 

solphvarets, 985. 
Tinned plate; 285. 
Titaniun, 987. 
Tithoidc rays, 91. 
Transrerse Tibrationa, 81. 
Tungsten, 987. 



Tunneric, 379. 
Torpetfa mineral, 308. 
Type metal, 294. 
Types, diemical, 310. 

Ubnine, 316, 383. , 
Undnlatory tbeocy, 78. 
Ununile, 360. ^ 
Uranium, 294.' 
Urea, 354, 358. 
Urinaiy calculi, 398. , 
Urine, composition d 398. 

V. 
Vanadium, 987. 
Vapor, elastic force of, 49. 
Vapors, density of) 53. 

nature of, 39. 
Vaporization at low temperatures, 

laws of, 40. 
Vegeto alkalis, 367. 
Veratria, 370. 
Verdigris, 334. 
Vermilion, 303, 
Vinegar, 332. 
Vitriol, blue, 296. 

green. 280. 

oU of, 218. 

white, 283. 
Voltameter, 130. -^ 
Volumes,, combination by, 154. 

W, 
Watdr, composition of, 126, 183. 

of crystallization, 187 
Waves, length o^ 86. 
Wax, 378. 
Wines, 322. 
Wire gauze, 58. 
Wood-spbit and its compounds, 3»k 

ether, 339. 
Woody fibre, 315. 

X. 
Xanthic acid, 336. 

oxide, 361. 
Xykadine, 319. 

Y. 

Yeftflt, 390. 
Yttrium, 273. 



;$affire,981. 
Zinc, 989. 

oxide oC 289. 

silicate, 983. 

sulphate, 983^ 
Zirconium, 273. 
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